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Abstract

Aging-related neurobiological processes have long been linked to deterioration,
particularly of dopaminergic systems that are involved in motivation, reward
anticipation, and emotional regulation. This deficit-based narrative is complicated by
new research, which shows that the aging brain can exhibit remarkable resilience,
functional reorganization, and plasticity. In order to investigate how reward processing
is maintained, modified, and adjusted in later life, this thesis provides a thorough
narrative review that synthesizes recent research from cognitive neuroscience,
psychology, and neuroaesthetics. The dopaminergic system, compensatory brain
mechanisms, and the healing potential of aesthetic stimuli like music and visual art are
all given particular emphasis. Utilizing studies concerning genetic instability, synapse
loss, cortical thinning, and altered intercellular communication, the review starts by
outlining the anatomical and functional changes that occur in the aging brain. Evidence
continues to accumulate indicating that significant regions like the cerebellum, anterior
cingulate cortex, medial orbitofrontal cortex, and default mode network (DMN), which
are involved in emotional salience, self-referential processing, and hedonic valuation,
are preserved even though prefrontal and hippocampus regions tend to deteriorate. In
order to compensate for regional losses, older adults prioritize socially and emotionally
meaningful experiences and recruit alternative neural pathways, according to the thesis,
which frames these findings within modern models of cognitive aging such as Cognitive
Reserve, Brain Maintenance, the HAROLD model, and the STAC framework. The
cerebellum's functional role in aging might be at the center of this research. The
cerebellum, which was once thought to be solely motoric, is now understood to play an
integrative function in emotion, cognition, and reward. This is especially true given its
recently found monosynaptic connection with the ventral tegmental area (VTA). This
cerebello-VTA circuit is a viable target for aesthetic and music-based therapies as it
may support the maintenance of motivational salience and social reward responsiveness
in older persons. Despite age-related dopaminergic loss, functional neuroimaging

studies reveal that older adults process social and aesthetic rewards with intact or even



increased activity in the ventral striatum and nucleus accumbens. Building on this
neuroanatomical and functional foundation, the thesis explores how aesthetic
engagement particularly music listening modulates reward-related brain regions and
interfaces with the DMN. Empirical studies reveal that familiar, pleasurable music
strengthens connectivity between the auditory cortex and medial prefrontal cortex
(mPFC), enhances autobiographical memory, and promotes emotional regulation.
Music-based interventions (MBIs) have also been associated with increased BDNF
expression, preserved DMN integrity, and improved cognitive flexibility, particularly in
creative tasks and emotional processing. This thesis reframes aging as a dynamic
process of adaptive brain reconfiguration rather than a story of loss by critically
integrating evidence from neuroscience, psychology, and aesthetics. In older
individuals, aesthetic and musical experiences become more than just passive pastimes;
they are powerful modulators of emotional vigor, reward sensitivity, and brain
plasticity. These results highlight the importance of encouraging social meaning and
creative expression as essential elements of healthy aging in both clinical and public

health settings.

Keywords: aging brain, reward system, dopamine, music-based interventions,

aesthetic experience, default mode network, neuroplasticity



1. Introduction

Aging of the brain is associated with changes at the biological, molecular level and
anatomically, the structure of the brain changes, which is known to be associated with
some neurodegenerative diseases (Lee & Kim, 2022); neuroplasticity has deteriorated,

the normal non-neuronal structure, failure of homeostasis cycle (Mattson, 2018).

Lopez-Otin et al. (2013), evaluated the nine markers to describe the aging on the
brain. They identified by compiling experimental studies, within the framework of three
criteria: whether the marker is (1) observed in natural aging, (2) associated with
accelerated aging when aggravated, and (3) capable of slowing down aging when
modulated. Among the nine markers, five were found to clearly meet all three criteria.

These five markers are listed as follows:

1) Genomic instability: Also known as the reduced capacity of DNA repair genes.

2) Telomere attrition: These DNA sequences, located at the ends of chromosomes, act
as protective caps. When they shorten beyond a certain limit, they either halt cell

division or trigger apoptosis.

3) Loss of proteostasis: Cells must properly fold and degrade proteins. With aging, this

system fails, leading to misfolded or accumulated proteins.

4) Deregulated nutrient sensing: As aging progresses, the mechanistic target of
rapamycin (mTOR) pathway becomes increasingly overactive, while repair-related

systems such as sirtuins gradually lose efficiency.



5) Cellular senescence: When cells are damaged, they enter a state of arrest before

undergoing self-destruction. And then the other four markers are listed:

6) Mitochondrial Dysfunction: mitochondria are known as the power plants of cells
(Nunnari & Suomalainen, 2012). Citruins, on the other hand, are a group of enzymes
that carry out vital activities such as stress response and DNA repair inside the cell.

Citruins are also seen to be structured inside the mitochondria.

In particular, SIRT 1 and SIRT 3 are involved in the formation of learning and
aging-related memory loss with synaptic plasticity (Gao et al., 2010; Ansari et al., 2017;
Verdin et al., 2010). When the results were evaluated, it was stated that sirtuins were
able to analyze information about the energy status of the cell by acting as sensors on
the mitochondria and assumed tasks of regulating cellular processes (Lopez-Otin et al.,

2013).

7) Stem Cell Exhaustin: Tissues and the organism undergo changes by combining

multiple types of damage that develop with aging (Lopez-Otin et al., 2013).

8) Altered Intercellular Communication: Aging is not only associated with changes in
the structure of the cell, but also includes intercellular communication. In this context, it
seems possible to reverse this communication through the blood and strengthen

intercellular communication (Rebo et al., 2016; Castellano et al., 2017).

9) Epigenetic Alterations: As aging progresses, the functioning of cells also undergoes
changes. One of these changes occurs at the epigenetic level. Several factors influence
epigenetic modifications, including DNA methylation, histone acetylation/methylation,

and the activity of sirtuins (Talens et al., 2012; Guarente, 2011).



In aging, this process becomes dysfunctional, and such cells begin to secrete
inflammatory signals, thereby accelerating aging (Campisi, 2013; Lopez-Otin et al.,

2013).

According to MacDonald et al., (2020), some regions in the brain becomes
smaller with age and are affected more quickly. For example, the number of prefrontal-
centered white cells in the frontal lobe and the hippocampus can be given as examples

of this (Driscoll et al., 2003).

It is thought that the dramatic decline in these areas with aging is associated with
the thinning of the brain-blood barrier and the fact that small capillaries begin to leak
into these areas (Banks et al., 2021). A compelling parallel can be observed in ocular
tissue. As mentioned above regarding the updated hallmarks of aging, the disruption of
blood—brain barrier flow appears to be associated with altered intercellular
communication. In one study, eye cells were artificially aged (in vitro senescence

model) and their intercellular interactions were examined.

The results indicated that the communication between the retinal pigment
epithelium (RPE), a crucial cell layer in the eye, and the underlying choroid layer was
impaired due to maladaptive signaling (Dhirachaikulpanich et al., 2022). Aging cells do
not only experience internal dysfunction but also exhibit disturbances in the way they

communicate with neighboring cells ( Fafian-Labora & O’Loghlen., 2020).

However, it seems that some brain regions are resistant to aging. Preservation of
cognitive reserves related to aging demonstrates individual differences (Nilsson &

Lovdén, 2018). For instance, episodic and working memory are thought to decline



relatively faster with aging. However, while an individual in their 50s might experience
a more substantial decline in cognitive reserves, another individual in their 70s may
display relatively preserved memory performance (Nyberg et al., 2012). The
preservation of brain structures with aging appears to be associated with cognitive

IeSCerves.

According to Stern (2002), who first introduced and explained the term
"cognitive reserve," individuals support their brain health by compensating for
functional impairments and losses through genetic factors inherent from birth, as well as
lifelong developed skills. For example, they may use physical activities, social
interactions, education, or occupational engagement to maintain cognitive functioning.
The author and colleagues have described three distinct mechanisms developed by the
aging brain to maintain its health and functionality over time. The first term is cognitive
reserve (CR), which refers to the brain's capacity to compensate and adapt in response
to aging processes or diseases. The second term, brain reserve (BR), encompasses the
anatomical and physical resources of the brain, including synaptic density, brain

volume, and neuron count.

The third term is brain maintenance (BM), which involves mechanisms
developed by the brain over time, influenced also by environmental factors, to prevent

or minimize the effects of aging (Stern et al., 2022).

The concept of what can be called normal or healthy aging is not a very new
theory. In 1989, Atchley thoroughly discussed the scope and boundaries of normal
aging. According to him, normal aging involves continuity. However, continuity does

not mean staying exactly the same; rather, it includes the ability to adapt to changing
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internal and external life circumstances. People maintain psychological resilience by
integrating their social environment and personal past with the changing physiological
and environmental conditions. This means living in a way that combines past

experiences and present realities into a consistent way of functioning.

Atchley categorizes normal aging into three types. The first is related to
insufficient continuity, where the person feels fragmentation and breaks in their life. In
optimal continuity, the person experiences changes in their life that align with their
expectations and manages them well. The last category is excessive continuity, where
the person’s life lacks new experiences and becomes monotonous. This leads to a

stronger feeling of being stuck in routine (Atchley, 1989).

Aging is influenced by individual factors. The importance of aging in the brain
is especially kazanmk lifestyle. Because the brain may decline in some functions as it
ages, such as the prefrontal cortex, but there is a mechanism that stabilizes this decline.
The brain's compensation mechanism plays an important role at this point (Berry et al.,

2016).

From a neurocognitive viewpoint, Park and Reuter-Lorenz (2009) established
the compensating process, which is the brain's active defense against aging. The
Scaffolding idea of Aging and Cognition (STAC Model) is the name given to this idea
in the literature. The aged brain naturally undergoes scaffolding. As people age, their
educational background, professional difficulties, physical health, and mental activity
all support and strengthen the brain's adaptive capacities by enhancing and supporting

brain areas and cells that exhibit reduced activation.
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According to De Godoy and colleagues (2021), super aging, which refers to the
preservation of brain reserves compared to younger individuals and even the resistance
against aging, has been investigated by the authors of the systematic review study,
which focused on participants over 60 years of age and older. The findings demonstrate
that certain areas of the brain have better structural and functional conservation than
others. According to some research, the cortical thickness is on par with or even higher
than that of young people, particularly in the anterior cingulate cortex (ACC) (Harrison
et al., 2012). Meanwhile, the hippocampal region of the brain has similar findings

(0’Shea et al, 2016).

Furthermore, it has been demonstrated that the DMN system preserves the
medial frontal cortex and cingulate cortex, two brain regions found in the salience
network (SN) system (Zhang et al., 2020). Based on this theoretical framework, it can
be hypothesized that normal aging involves changes in brain regions associated with
adaptability and cognitive flexibility, which may facilitate adaptive responses to age-
related challenges. However, further empirical research is needed to clarify these neural

mechanisms (Xia et al., 2024).

In a cross-sectional study examining the pace of normal aging, Voxel-Based
Morphometry (VBM) was used to measure brain volume, with imaging performed
through MRI. The aim of the study was to investigate whether there were any
differences in white matter volume between men and women during the normal aging
process. The results showed that white matter volume decreases with age, and this
decline becomes more pronounced after the age of 50. In addition, male participants

were found to have greater white matter volume compared to female participants;
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however, the rate of decline was similar in both groups. The decrease in white matter
volume varied across brain regions, with the most notable reductions observed in the

frontal lobe, temporal lobe, and corpus callosum (Liu et al., 2016).

In another study supporting the functions of these protective mechanisms,
Anatiirk and colleagues utilized the Whitehall II MRI study method with 537
individuals aged between 60 and 82, demonstrating that lifestyle factors were associated
with brain age rather than cognitive aging (Anatiirk et al., 2021). Building on this
perspective, Lee et al. (2019) aimed to investigate the brain regions affected in healthy
aging compared to pathological aging, including early and late-stage Alzheimer’s

disease.

Their study included a larger sample of 2,823 cognitively normal individuals
aged between 50 and 80 years, alongside 2,675 individuals within the Alzheimer’s
disease continuum. Using high-resolution magnetic resonance imaging (MRI) to assess
brain structural changes, particularly cortical thickness measurements, they found that
while cortical thinning occurs during normal aging, certain regions such as the
precuneus and inferior temporal cortex are relatively preserved. These regions appear to
be maintained in healthy aging but become significantly affected in the later stages of
Alzheimer’s disease. In a study aiming to explain how aging occurs at the cellular level,
researchers analyzed a total of 1.2 million single-cell samples obtained from mouse

brains using single cell RNA sequencing to map age-related changes in gene expression.

The findings revealed that aging exhibits cell type specific differences. Notably,
the hypothalamic region surrounding the third ventricle appeared to be more resistant to

aging. In contrast, gene expression profiles in the arcuate nucleus, dorsomedial nucleus,
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and paraventricular nucleus showed alterations in genes responsible for maintaining
energy homeostasis, along with an upregulation of immune related genes (Jin et al.,

2025).

A study examining the specific changes of the aging brain with magnetic
resonance elastography also found that the sensorimotor system and the cerebellum area
were preserved (Hiscox et al., 2021). In a study conducted with 184 healthy individuals
over the age of 70, the aim was to investigate which neurobiological factors are
preserved in successful cognitive aging (SA). Neuropsychological assessments were
used, focusing on memory and attention, as well as cognitive age gap (CAG), elevated
episodic memory scores (EM), high levels of non-episodic cognitive abilities (NM), and
performance on the California Verbal Learning Test (CVLT). The results indicated
increased activation in the anterior cingulate cortex (ACC) and midcingulate cortex
(MCC) (Pezzoli et al., 2024). While the anterior cingulate cortex (ACC) is known to be
involved in motivation, emotion regulation, attention, and learning strategies to obtain
rewards (Journée et al., 2023; Rolls, 2023), the midcingulate cortex (MCC) is
recognized for its role in cognitive and executive functions, as well as its connection to
motivational processes (Cera et al., 2019; Touroutoglou et al., 2021). Increased cortical
thickness has also been observed in the medial temporal lobe (MTL) and entorhinal
cortex. These regions are commonly associated with functions such as spatial memory
and episodic memory (Herndndez-Frausto & Vivar, 2024; Hawkins, & Yonelinas,

2024).

According to the research, the Rostral Anterior Cingulate Cortex (rACC) and

Medial Orbitofrontal Cortex (mOFC) are the other regions with cortical thickness
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increase. It has been found that these regions have functions such as empathy, social
evaluation, internal reasoning, reward evaluation (Tan et al., 2025). Following up on
previous research, Horvath and colleagues (2015), investigated why brain regions age at
different rates. Using the DNA(m age) biomarker, it was found that the temporal, frontal
and hippocampus age faster in the same person, while the cerebellum, sensorimotor and
occipital lobe age more slowly. It has been found that the reason for this is at the genetic
level and the structure called RNA helicase (which includes tasks such as protein
decoding and rna folding, unfolding, editing) works more actively than other regions

and is therefore more active.

At this point, it would be appropriate to open a paragraph specific to cerebellum.
In the last twenty years, the definition of the cerebellum has been shown that it is not
only the center of physical movements, but also has many other functions related to
social interactions, emotional ones related to the reward system (Manto et al., 2024).
Barili and collegues (2000), in their experimental study with rats, found that dopamine
receptors, especially D2,D3,D5 receptors, are heavily involved in their
cerebellumSuggesting that the cerebellum has a direct relationship with the reward

system (Baek et al., et al 2022; Barili et al., 2000).

The aim of Kruithof and colleagues (2023) was to investigate the relation
between the human cerebellum and dopamine system. They accomplished this by
merging research that examined human brain activity using the fMRI approach in a
meta-analysis. In conclusion, 16 studies analyzed reward receipt (i.e., actually obtaining
the reward), while 31 studies examined reward anticipation (i.e., the condition of
anticipating and preparing for a reward). The findings suggested that the cerebellum

plays an important role for both reward anticipation and reception. The cerebellum has a
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role in controlling motor preparation for action, internal awareness of the body (such as
tension or heartbeat), and emotional arousal during the anticipation phase. Moreover,
the cerebellum and dopamine system participate to promote the "liking" process that is,

the rewarding experience after the reward is received.

Different parts of the brain are activated by the subjective criteria of reward,
particularly reward appropriation, reward processing, and reward value. For instance, it
is referred to as a particular region for reward expectation and realization in the

literatiire (Kruithof et al., 2023).

For the first time, Hoffman et al. (2024), identified and mapped the
physiological connections between the human cerebellum and the ventral tegmental area
(VTA), the main junction of the reward system, using diffusion MRI methods and data
from the Human Connectome Project. According to their research, social reward
processing is primarily carried out by the Crus I and II regions (Hoffman et al., 2024;
Van Overwalle, 2024; Ferrari et al., 2023).Carta et al., (2019), discovered in their
experimental study with rats that there is an interaction between the VTA region, one of
the main sources of dopamine, and the cerebellum that directly affects directly
(monosynaptic), glutamergic and dopaminergic neurons. A direct connection between
the VTA and the cerebellum has been demonstrated, as neurons originating from the
cerebellum were shown to elicit firing in the VTA within approximately 6 milliseconds.

This rapid response strongly suggests a functional cerebello-VTA pathway.

Significantly, the study also found behavioral findings: rats demonstrated
preference for the area being stimulated, which indicates that the activation was

perceived as rewarding, when this pathway was stimulated using optogenetic
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stimulation, a contemporary neuroscience technique used to observe the emotional and
behavioral effects of generating specific neurons. Furthermore, when the cerebello-
VTA pathway was disrupted, rats showed a tendency to avoid social environments. This
observation supports the idea that this neural circuit plays a role in regulating social

behavior (Carta et al., 2019).

The cerebellum's connection with the ventral tegmental area (VTA) appears to
represent a critical domain for investigating the reward system in the context of aging.
The cerebellum’s relative preservation across the lifespan, coupled with its close
association with the reward circuitry, suggests that it plays a modulatory role in

dopaminergic activity and influences social reward processing.

In 2022, Nordin and colleagues proceeded to examine the dopamine D1 receptor
in a long-term study. Therefore, the study comprised participants between the ages of 20
and 80. PET was used to evaluate the D1 receptor density, and fMRI was used to

analyze the functional connections between different parts of the brain.

The findings highlighted a strong correlation between D1 receptors, different
parts of the brain, and the brain's overall functional capacity. Furthermore, it has been
discovered that connections in different parts of the brain become denser when

dopamine levels are at their ideal levels.

As aresult, it has been said that a functional relationship would have an inverted
U shape rather than be linear. It has been found that when dopamine levels are analyzed
by age, the proceed decrease linearly with increasing age. The fact that each individual

has the same relationship is a further important factor the writers highlighted. In
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addition, they determined that a person with an optimal dopamine level has less

functioning between brain connections.

Consequently, the researchers excluded a cause-and-effect relationship and
pointed out that it influences brain function in independent dynamics (Nordin et al.,

2022).

In another study, they utilized a longitudinal approach to investigate the
dopamine D2 receptor. PET was used to measure the density of receptors in different
parts of the brain in a study involving 181 healthy participants, ages 64 to 84. There
were substantial decreases in D2 receptors during the 5-year study. In the thalamus,
putamen, and caudate, the biggest decline was noted. Male individuals had a greater
decrease rate than female participants. The decline in the release of dopamine in the
frontal region, which includes working memory, is associated with the most notable
impairments in cognitive abilities. These results indicate that while dopamine levels do
not predict the decline in cognitive functions by themselves, they have a strong
association with the decline in cognitive activities. Environmental influences are
thought to have an impact on functional performance along with dopamine levels

(Karalija et al., 2024).

Dopamine is essential in regulating mood, cognitive abilities, motor capabilities,
and brain activity. Cognitive functions may be significantly affected by the decline in

dopamine release that occurs with age (Papenberg et al., 2025; Dahl et al., 2023).

Acein, the peptide employed in the C. elegans model, was found to prolong life
expectancy, improve cognitive and motor functions, and reduce dopamine decline in an

experimental investigation (Wang et al., 2023).
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Given the dynamic nature of dopamine across the lifespan, understanding its role
becomes increasingly important for explaining age-related changes in reward

acquisition, reward valuation, and decision-making related to reward selection.

It has been shown that certain dopamine receptors are more densely expressed in
the cerebellum (Flace et al., 2021). Given that the cerebellum is one of the brain regions
most resilient to aging, it is plausible to suggest that its preserved functionality may, in
part, be supported by its connections with the reward system (McElroy et al.,
2024);These connections might help sustain its activity, making the cerebellum not just
structurally intact in old age, but also functionally engaged through motivational and

dopaminergic pathways

According to a study that supports this hypothesis, the cerebellum's dopamine
D2 receptor is exclusively activated in social contexts and social interactions; it has

minimal impact on motor control regions (Cutando et al., 2022).

Furthermore, studies have demonstrated that in addition to its many roles in the
sensory-motor system, the cerebellum also plays a major part in the reward system.
According to a collaborative study by Manto and colleagues published in 2024, the
cerebellum interacts reciprocally with the spinal cord, cerebral cortex, and basal ganglia

to regulate cognitive, emotional, and social behaviors.

It is especially engaged in learning mechanisms such reward prediction error
and temporal difference error in reward-based tasks (Manto et al., 2024). Temporal
difference error is the mistake of expecting that a reward will arrive sooner or later than
expected, whereas the mistake of anticipating that the same reward would arrive less or

more than anticipated (Amo et al., 2022; Glimcher, 2011; Schultz et al.,
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1997).Therefore, the fact that the cerebellum is rich in dopamine receptors and their
connections with the reward system may play an important role in maintaining
cognitive and motivational functions in old age. These findings suggest that the
cerebellum is not only a motor control, but also a central modulator in cognitive

processes such as reward processing and motivation. (Sendhilnathan et al., 2024).

Anatomical, chemical, and biological changes are all part of the complex and
multifaceted process of brain aging. Neurodegenerative diseases are exacerbated by
cellular dysregulation of homeostasis and a decline in neuroplasticity (Lee & Kim,
2022; Mattson, 2018). Based on empirical data, Lopez Otin and colleagues (2013),
identified nine characteristics of aging brains. These include cellular senescence, loss of
proteostasis, telomere attrition, genomic instability, and uncontrolled nutrition sensing.
When altered, these factors have been demonstrated to both accelerate and possibly
reverse elements of aging. Other indicators include stem cell fatigue, mitochondrial
malfunction, epigenetic changes, and altered intercellular communication. These consist
of sirtuins, specifically SIRT1 and SIRT3, which have been implicated in memory
processes and synaptic plasticity (Gao et al., 2010; Ansari et al., 2017; Verdin et al.,

2010).

According to neuroanatomical research, aging mostly impacts areas such as the
hippocampus and prefrontal cortex because of white matter deterioration and blood—
brain barrier weakening (Driscoll et al., 2003; Banks et al., 2021; Liu et al., 2016).
However, the aging patterns of the brain also show variety. Cortical thickness
preservation has been observed in areas such the medial temporal lobe (MTL), medial

orbitofrontal cortex (mOFC), and anterior cingulate cortex (ACC), which have been
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linked to the regulation of emotions and cognition (Pezzoli et al., 2024; Hernandez-

Frausto & Vivar, 2024; Tan et al., 2025).

Stern (2002) developed the idea of cognitive reserve (CR), which describes how
people use environmental enrichment, lifelong learning, and genetics to make up for
age-related changes in the brain. In order to explain the variation in aging trajectories,
this model has developed to incorporate brain reserve (BR) and brain maintenance (BM)
as competing mechanisms (Stern et al., 2022). Similarly, the Scaffolding Theory of
Aging and Cognition (STAC), put out by Park and Reuter-Lorenz (2009), highlights

how brain adaptability is supported by the lifespan intellectual and social engagement.

According to recent studies, the cerebellum is now an important part of social,
cognitive, and reward-related functions in addition to being a region involved in motor
control (Manto et al., 2024). It is functionally linked to the ventral tegmental area
(VTA), a center of the reward system, and has a dense distribution of dopamine
receptors (D2, D3, D5) (Barili et al., 2000; Baek et al., 2022; Hoffman et al., 2024).
Both reward anticipation and receipt have been demonstrated to be controlled through
this cerebello-VTA circuit (Kruithof et al., 2023). Cerebellar stimulation promotes
reward-related behaviors and modifies social interaction, according to behavioral

studies (Carta et al., 2019).

Furthermore, age-related decreases in dopaminergic signaling, namely in D1 and
D2 receptor density, are associated with impairments in cognitive function (Nordin et
al., 2022; Karalija et al., 2024; Papenberg et al., 2025). However, the cerebellum
appears to be resistant to aging both physically and functionally, and its association with

dopaminergic systems may be the explanation underpinning older individuals sustained
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motivation and cognitive engagement (Cutando et al., 2022; Sendhilnathan et al., 2024;

McElroy et al., 2024).

In conclusion, the brain preserves a remarkable capacity for adaptation and
compensation despite predictable neurobiological destruction. The potential for
successful cognitive aging is emphasized by protective mechanisms like cognitive
reserve and the cerebellum's integrative role in reward processing, particularly when
strengthened by physical activity, enriched environments, and lifelong engagement

(Anatiirk et al., 2021; Nyberg et al., 2012).

2. Method

This study synthesized findings from empirical, theoretical, and neurobiological
research using an integrative narrative review style. The goal was to compile
information on how the reward system changes with age and how aesthetic
interventions, such art and music, affect older people' emotional and neurological
functioning. Instead of conducting a systematic meta-analysis, this strategy made it
possible to combine many approaches (such as animal models, behavioral paradigms,

and neuroimaging) under a single conceptual framework.

2.1 Study Design

In order to integrate new findings on how the aging brain adapts in terms of
reward processing, dopaminergic networks, compensatory processes, and the role of
aesthetic experiences (such as music and visual art), this thesis was carried out as a
narrative literature review. In order to better understand the changing role of the reward

system in older adults, an integrated viewpoint incorporating knowledge from
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neuroscience, psychology, and neuroaesthetics was sought (Stern, 2002; Park & Reuter-

Lorenz, 2009; Carstensen et al., 1999).

2.2 Strategies of Search

The framework provided by Grant and Booth (2009), which describes how to
methodically seek, choose, and synthesize scientific literature for a narrative review in
the disciplines of psychology and health, was followed in the conduct of this narrative

literature review.

Finding and compiling the most current and pertinent studies on how the aging
brain responds to aesthetic experiences like music and art, processes rewards, and

adjusts for neural changes was the goal.

For this reason, a comprehensive search was conducted across four main academic
databases: PubMed, PsycINFO, Web of Science, and Google Scholar. The search
encompassed peer-reviewed empirical literature published from January 2015 to May

2025.

To ensure that the search included all relevant aspects of this topic, search terms
were carefully selected and combined using Boolean operators (AND, OR). The

following were some of the keywords:

Aging-related terms: “aging brain,” “older adults,” “healthy aging”;

29 ¢

Reward and neurobiology terms: “dopamine,” “dopaminergic pathways,” “reward

29 ¢¢

system,” “cerebellum,” “default mode network,” “prefrontal cortex”;

Theoretical models that guide understanding of brain adaptation in aging, including:
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“cognitive reserve” (Stern, 2002), “HAROLD model” (Cabeza, 2002), “STAC model”
(Park & Reuter-Lorenz, 2009), “socioemotional selectivity” (Carstensen et al., 1999),

“positivity bias” (Mather & Carstensen, 2005); Aesthetic engagement and interventions:

29 ¢¢ 29 ¢ 2 ¢¢

“music therapy,” “aesthetic experience,” “visual art,” “creative aging.”

About 500 articles were found in the first database search. All titles and
abstracts that remained after duplicate records were eliminated were examined to see if
they aligned with the review's goals. The articles chosen for full-text reading were those
that satisfied the predetermined inclusion and exclusion criteria. To find any more
significant publications that were missed in the initial search, the reference lists of

noteworthy articles were then manually examined (a procedure called "snowballing").

The final synthesis contained only English-language, empirical, peer-reviewed
papers that addressed healthy aging. The review was thorough and focused thanks to
this multi-step process, which also captured the most pertinent scientific discoveries on

the subject.

2.3 Criteria for Inclusion and Exclusion

Studies that satisfied the following requirements were accepted: Research on
reward system function, dopaminergic activity, compensatory mechanisms, or aesthetic
experiences in the context of healthy aging; (3) articles involving neuroimaging (e.g.,
fMRI, PET), behavioral, or neuropsychological data; (4) studies concentrating on
interventions involving music, visual art, or other aesthetic activities in older adults; and
(5) peer-reviewed empirical articles published between 2015 and 2025.

The following criteria have been determined for exclusion:
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To keep the focus on normal aging mechanisms, studies only examined

pathological aging (such as Alzheimer's disease and Parkinson's disease) without

comparing it to healthy aging populations. theoretical works devoid of empirical

evidence. Anecdotal stories, abstracts from conferences, or case reports. publications in

languages other than English.

Table 1.

Inclusion and exclusion criteria used in study selection

Inclusion Criteria

Exclusion Criteria

Empirical studies employing experimental

methodologies (e.g., fMRI, PET, EEG,

RCTs, optogenetics, neuropharmacology, or

behavioral tasks).

Studies involving older adults (typically
aged 60 years and above), with or without

comparison groups of younger participants.

Research addressing aesthetic modalities

(e.g., music, visual art, dance, virtual reality)

in relation to reward system, cognition, or

emotion in aging.

Theoretical articles, narrative
reviews, or conceptual opinion
pieces without experimental

validation.

Studies exclusively focusing on
children, adolescents, or clinical
populations unrelated to aging

processes.

Studies not examining aging,
reward-related processes, or
aesthetic engagement as primary

variables.
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. o Exclusion Criteria
Inclusion Criteria

Grey literature, conference

abstracts, book chapters, non-peer-
Peer-reviewed journal publications available

reviewed sources, or articles not
in English between 1954 and 2025.

available in full-text English

format.

Note. This table outlines the predefined inclusion and exclusion criteria applied

during the literature selection process for this narrative-integrative review.
2.4 Limitations of the Search

Although every effort was made to conduct a comprehensive and inclusive
search, some limitations remain. First, only articles published in English were included,
which may have led to exclusion of relevant research in other languages. Second,
publication bias may be present in the selected literature, as studies with non-significant
results are less likely to be published. Third, given the narrative nature of this review,
formal quality scoring tools such as PRISMA were not applied, although

methodological rigor was considered during article selection (Ferrari, 2015).

2.4 Limitations of Search

Although this narrative review is integrative and interdisciplinary, it should be

noted that it has a number of limitations. Initially, the research used a narrative design
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instead of a systematic review. The lack of a rigorous quality assessment or meta-analytic
comparison may have introduced selection bias and reduced replicability, despite the fact
that the literature search was comprehensive and covered major academic databases (e.g.,
PubMed, Google Scholar, ScienceDirect). As a result, rather than relying on quantitative
generalizability, the conclusions should be evaluated in the context of a qualitative
synthesis.

Second, it is more difficult to determine causality or long-term efficacy due to most of

the included research used cross-sectional designs and small sample numbers.

Additionally, there remain none of them longitudinal and randomized controlled
trials, especially in the field of music-based and aesthetic therapies. The strength of
aggregated data is further limited and comparisons are made more difficult by the absence
of uniform end measures across studies, which range from subjective mood assessments

to neuroimaging activation patterns.

Third, participant characteristics vary significantly between studies.
Generalizations concerning aging populations are limited by differences in baseline
cognitive level, musical training, cultural background, and exposure to art. Individual
differences in dopaminergic tone and aesthetic familiarity, which are expected to affect

the impact of therapies, are not controlled for in many research.

Finally, there remains currently lack of empirical research on the cerebellum—VTA
connection in aging humans, despite the review's emphasis on the circuit's possible
function in emotional regulation. The majority of the evidence is derived from indirect

neuroimaging studies or animal models. Additional validation through human
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investigations using multimodal imaging techniques, like PET-fMRI co-registration or

tractography, is necessary before these findings may be applied in clinical practice.

Future research should use standardized intervention methods, focus longitudinal
and culturally diverse investigations, and comprehensively evaluate individual
differences in reward responsiveness and aesthetic engagement in light of these
constraints. These actions are essential to advancing from theoretical frameworks that

show promise to clinical applications that have empirical evidence.

3. The Reward System on the Aging Brain

The next part of this work will take a closer look at the reward system itself.
Rather than treating it as a strictly neurological concept, I will attempt to outline its
psychological, social, and physical dimensions as well. What does it mean to be
rewarded not just chemically, but emotionally and relationally? And how does our
capacity to experience reward shift as we age? These questions will help set the stage
for understanding the deeper transformations the reward system undergoes in later life

and how these changes shape the emotional and motivational landscape of aging.

The reward system began to be studied as a result of a significant discovery that
emerged from an experimental error by Olds and Milner (1954). While attempting to
investigate the effects of learning in rats, the researchers intended to place electrodes in
the reticular formation. However, due to the inexperience of the surgeon, the electrodes
were instead implanted in the septal area, a region later identified as part of the brain's

reward system. As a result, the rats were observed to remain in a specific area and
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repeatedly self-stimulate electrically, which led to a growing interest in exploring the

brain regions involved in such behavior in greater detail (Olds and Milner, 1954).

The dopaminergic system largely encompasses the reward system and is referred
to as the mesolimbic system. The mesolimbic system is formed through projections
from the ventral tegmental area (VTA) in the midbrain to the amygdala, striatum,
prefrontal cortex, hippocampus, and other structures of the limbic system (Lewis et al.,

2021).

In a recent observational study by Seo and Ryu (2023), 64 healthy individuals
aged between 20 and 79 were examined to investigate age-related changes in central
dopaminergic pathways. The researchers focused on two key tracts: the mesocortical
tract (MCT) and the mesolimbic tract (MLT), both of which are essential for cognitive
and emotional functioning. Using diffusion tensor imaging (DTI) and diffusion tensor

tractography (DTT), they visualized the white matter integrity of these pathways.

Research findings demonstrated that at the age of 60, people have considerable
degeneration in the mesocortical tract, which is in responsible for executive functions
and higher-order cognition (Li et al., 2024). In contrast, the mesolimbic tract, which
plays a central role in processing reward, motivation, and pleasure, appears to maintain
its internal structural integrity across the lifespan. However, a gradual decline in tract
volume begins as early as people’s twenties. Despite some limitations, the relative
preservation of the mesolimbic system is considered particularly meaningful, as it may
help sustain reward sensitivity and emotional engagement in older adults ((Seo & Ryu,
2022). Food, sex, and water are examples of external stimuli which frequently induce

multiple regions of the brain to become activated in various individuals. These may be
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considered to be primary rewards, or fundamental stimuli (Putkinen et al., 2025;

Moranges et al., 2023).

They lead to significant activation in brain areas responsible for taste, smell,
vision, and hearing. However, for research on the reward system to be conducted
effectively, there must be specific and measurable signals. Therefore, the mere presence
or absence of a reward is not sufficient. It is necessary to investigate the subjective
value of the reward, along with characteristics that determine its risk and perceived

worth (Schultz, 2010).

Ren et al. (2023), adopted a well-known behavioral paradigm, the lowa
Gambling Task (IGT), to examine how aging impacts risk-taking and reward-based
decision-making. Elderly people received a "disadvantaged" deck of cards for this sort
of game, which had a much greater likelihood of losing money but also the potential for
large rewards. The structure simulates actual-life situations in which individuals have to

weigh potential long-term consequences against immediate rewards.

In addition to assessing gray matter volume (GM), head motion, and cognitive
ability via the Montreal Cognitive Assessment (MoCA), the researchers utilized
functional MRI (fMRI) to observe brain activity to try to gain a better understanding
how the aging brain reacts during such decisions. The study has a high level of depth

and reliability since it integrates behavioral and neuroimaging data.

The research results showed a remarkable tendency: when making risky
decisions, older individuals' left middle frontal cortex (MFC) along with their right
superior medial frontal cortex (SMFC), two important brain areas, were less active.

These domains are intimately related to assessing possible outcomes, emotional control,
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and executive functioning. Older adults' brain reactions were slower and more
suppressed than those of younger ones, particularly when faced with high-risk

judgments.

Basically, when judgments have a significant likelihood of failing, the aging
brain appears to become less responsive or more cautious. This decreased or delayed
activation might be an indication of a larger change in the way older persons interpret
rewards and penalties, potentially placing a greater emphasis on emotional security and

eliminating loss than on maximizing gain.

Given the fact that the mesolimbic tract is often maintained more effectively
than the mesocortical route, this study also provides a strong argument for why it
continues to be especially significant in older persons. Some emotional and
motivational abilities may be preserved when other cognitive processes deteriorate with
age, which might be understood by its constant involvement in reward and motivation-

related processing.

This seems to be an important link in the relationship between the reward system
and old age. Because current research has found that the basal ganglia, which are the
reward center of the motor system, have a direct relationship with reward expectation
and movement signals (Lary, et al., 2024; Nicholas et al., 2024; Kostadinov et al.,
2022). Social interactions constitute one of the most essential blood cells that support
the veins of enjoying life (Merolla et al., 2024). The motivation and reward system are
tightly linked to social rewards (Kawamichi et al., 2024). The basal ganglia are one area

of the brain that supplies this circuit. It functions as a key input in both motor
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movements and the striatum, which makes it a useful area for reward, learning, and

motivation (Rocha et al., 2023; Delgado, 2007).

There is a functional decline in the basal ganglia in older adults. As one gets
older, this causes a lack of motor function synchrony (Rodriguez-Sabate et al., 2022). It
seems important to gain adaptation, not to lose the functionality of cognitive functions
that decline during old age. In relation to this, it would be appropriate to mention a
current theory. Cartensen and collaborators created the socioemotional selectivity
hypothesis (SST) to the literature in their 1999 paper. The article's central assumption is
that people are guided by the time assumption. For instance, young people, who believe
that time is plentiful, take on projects and endeavors to plan their futures, whereas older
people, who believe that time is more restricted, look for social connections and

significant emotional fulfillment.

The brain's compensating mechanisms were investigated in a study that
evaluated fMRI and PET studies to better understand the changes that occur in the brain
as individuals old age. As individuals aging the brain begins working with both
hemispheres equally, which is the basis for the mechanism the authors call the

HAROLD model ( Zajac-Lamparska et al., 2024).

While older people decrease interhemispheric asymmetry as a compensating
approach for preserving their performance, younger people intentionally use one
hemisphere, especially the left hemisphere. At the same time the brain organizes itself

to get ready for old age (Cabeza, 2002).

Based on the HAROLD model, the compensation hypothesis suggests that as

age progresses, there is a decline in neural resources in areas with executive functions,
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such as the prefrontal cortex, leading to a decrease in important functions like attention

and memory. However, the aging brain generates new pathways to compensate for this.

The compensation mechanism develops based on the equal functioning of the
two hemispheres mentioned in the previous article. The hypothesis has been supported
by significant experimental studies. For example, it has been observed that prefrontal
cortex activity in the aging brain is activated in both hemispheres, and according to the
high load high activation experiment, older individuals show more brain activation in
more challenging tasks. These results also show that the brain has a compensatory

mechanism (Reuter-Lorenz & Cappell, 2008).

Based on three primary brain networks, a relatively new research aimed to
describe the alternative pathways and compensatory mechanisms that the aging brain
develops. As a result, adaptation can be demonstrated in the Default Mode Network
(DMN) connections becoming weaker, the Frontoparietal Control Network (FPCN)
being less active during tasks, and the Salience Network (SN) becoming slower during

task switches. Connecting the DMN and SN systems is under the control of the FPCN.

On the other hand, not everyone ages at the same pace. It states that there are
individual inequalities as well as that there are three categories of aging: normal, super,
and pathological. The cognitive reserves that the individuals determine these groupings

(Lindenberger & Lovdén, 2019).

They argue that this selectivity is the basis for the emotional stability seen in old
age. Furthermore, older people have a tendency to avoid events that might be harmful
and instead focus on pleasant experiences, a phenomenon known as positive bias, and to

adjust their perceptions accordingly (Carstensen et al., 1999).



33

It would be fair to concentrate on the impact of social rewards on aging after
discussing the significance of social and emotional selectivity ( SST) and how it
changes with age. A group of healthy elderly people and a group with behavioral variant
frontotemporal dementia (bvFTD) were examined in a behavioral investigation using
fMRI. Because they experience severe impairments in qualities such empathy and social
motivation, older people with bvFTD are preferred. According to the study's primary
conclusions, those who age healthily live more sociable lifestyle and regard social
networks more strongly. The results seem to be comparable to those of the
socioemotional selectivity theory. One of the predecessors of healthy aging is the
abundance of meaningful relationships, which is linked to the processing of social

rewards (Horne et al., 2025).

Another recent study requested participants to describe the features of social
cognition that remain intact as they age. Two systems, one associated with socio-
cognitive processes and the other to social affective processes like empathy, emotional
engagement, and helping, were employed in the study. This method has made use of
viewpoints like theory of mind and empathy skills. There were 241 people in all,
divided up into three groups. Young, middle-aged, and elderly individuals compose the
groups. According to the findings, the socio-affective route remains unchanged as
people age. This finding implies that emotional experience has ongoing, active
significance. On the contrary, as people age, their social cognitive system deteriorates.
In particular, it has been linked to a reduction in the capacity to predict the ideas of

others and in the theory of mind's abstract reasoning abilities (Stietz et al., 2021).

The striatum was explicitly investigated as a reward center utilizing the fMRI

approach in an article exploring the function of lifelong social circumstances in
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decision-making. Participants were split into two groups: young people and elderly

people.

Three different scenarios were used to test the participants' brain responses. The
ultimatum, shared reward, and trust games were played with a stranger, a friend, and a
computer. Age-related changes in brain areas were observed in the results for all three

tests.

To examine the activation in the striatum, the Temporal signal to noise ratio
(tSNR) was used, and high activation was observed in the striatum in all three tasks and
both groups. Similarly, it has been revealed that the social context affects the reward
system. And soon it was found that social environments and social rewards in older
individuals can differ from those in younger individuals (Smith et al., 2024). This
experimental fMRI study, which involved 49 healthy participants between the ages of
40 and 70, investigated the reward processing mechanism in aging by considering aging
as a continuous process as opposed to category groups. A specific task has been
developed for the study to distinguish between the reward expectancy and reward

receipt processes since they have distinct effects on different parts of the brain.

The findings showed that as individuals elderly people, the their ventral
striatum's activation during reward anticipation significantly decreased. On the other
hand, the ventromedial prefrontal cortex's activation during reward reception did not

change with age, indicating that this area's function was maintained (Berry et al., 2022).

According to these findings, the assessment of incentives and maybe higher-
level processes like social decision-making stay more consistent as people age healthily,

even as motivational expectations decline (Vink et al., 2015).A PET study investigating



35

age-related changes in the reward system found that phosphodiesterase type-10A
(PDE10A) enzyme availability in the striatum declines significantly with age, more
rapidly than D2/3 dopamine receptor reduction. However, in the globus pallidus,
PDEI10A decline is less pronounced, and D2/3 receptor availability remains relatively
stable. The study also revealed gender differences, with higher activity levels observed

in women (Fazio et al., 2017).

PDEIO0A is located in the striatum, where it is secreted into dopamine. Among
its tasks, it decodes the intensity and duration of D2 and D1 receptors by projecting
dopamine signals from the striatum (Persson et al., 2020; Polito et al., 2015; Xie.,
2006). The PDE10A protein is thought to be closely related to the striatum and basal
ganglia and therefore has an effect on reward uptake and processing (Hebb et al., 2008;

Megens et al., 2014).

In some experimental studies trying to behaviorally observe the reward intake
and value in older individuals and young individuals, it has been revealed that older
individuals also have the same reward processing potentials as younger individuals.
This suggests that the conserved system PDE10A assumes an encompensating role in

elderly individuals.

Various regions of the brain are affected differently by aging. The cerebellum,
sensorimotor cortices, anterior/midcingulate cortex (ACC/MCC), medial temporal lobe
(MTL), and parts of the DMN are surprisingly well-preserved (Hiscox et al., 2021;
Pezzoli et al., 2024; Zhang et al., 2020), whereas structures such as the prefrontal
cortex, hippocampus, frontal white matter, and basal ganglia frequently decline with age

(Banks et al., 2021).
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The conventional view that aging generally decreases motivation and
emotionality is challenged by the fact that many of these resistant regions are integrated
with the dopaminergic reward system (Sendhilnathan et al., 2021). Carta et al. (2019),
for instance, presented strong evidence of monosynaptic cerebello VTA connections in
rodents. Opto Furthermore, Sendhilnathan et al. (2021) demonstrated that mid-lateral
cerebellar complex oscillations encode reward-related signals during reinforcement
learning in non-human primates, suggesting cerebellar involvement in reward

prediction.

Moreover, the cerebellum is a key area for motor, cognitive, emotional, and
reward processing, according to a recent Consensus Paper (2024) that synthesizes
findings from humans as well as animals. Its function in emotional and motivational
circuits is further supported by the fact that it encodes temporal-difference and reward-
prediction error signals. These results are consistent with neurocognitive resilience

theories:

According to the theories of Cognitive Reserve (CR), Brain Reserve (BR), and
Brain Maintenance (BM), aging brains preserve functionality by adapting structurally.
Bilateral recruiting and scaffold-building are described in the HAROLD and STAC
models as ways to compensate for regional decline. Based to the Socioemotional
Selectivity Theory (SST), motivational shifts toward emotionally relevant experiences

are associated with preserved activation of the reward system.

In order to preserve motivation, social interaction, and emotional health, aging
entails the selective preservation and reorganization of important reward-related

circuitry, particularly in the cerebellum and related networks.
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When considered together, the data suggests a more complex picture of the
aging brain than is frequently thought. While some areas, especially those linked to
memory and executive function, including the hippocampus and prefrontal cortex, are
prone to decline, others seem to retain their anatomical and functional integrity lengthy

into old life.

Unexpectedly, the dopaminergic reward system has a strong connection to
several of these preserved regions, including as the cerebellum, anterior cingulate
cortex, and portions of the default mode and sensorimotor networks. Aging appears to
include a selective reorganization of brain networks, where emotional and motivational
capacities are not only conserved but may even act as compensating mechanisms in the
face of cognitive decline, rather than signifying a general loss of function. The
cerebellum's long-term involvement in social behavior, emotional regulation, and
reward anticipation highlights its growing awareness that it has a function beyond motor

control.

These findings provide strong support for rethinking our understanding of aging
as a dynamic process of neural adaptation and preservation rather than as uniform
deterioration. They suggest that the ability for meaningful engagement, social
connection, and affective experience is resilient into later life (Opendak et al.. 2025;

Mooraj et al., 2025).

This section examines at how aging affects reward-related brain systems, with a
focus on the interaction between compensatory plasticity and neurodegenerative

decline. The mesolimbic dopaminergic system was recognized as being essential to
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motivation and pleasure when foundational studies (Olds & Milner, 1954) first

discovered the reward circuitry via the septal area (Lewis et al., 2021).

The mesolimbic route, which is crucial for processing rewards, tends to be
structurally intact as people age, whereas the mesocortical tract, which is important for
executive function, exhibits considerable deterioration (Seo & Ryu, 2022). Despite
cognitive impairment, elderly persons may remain attentive to emotionally charged
stimuli because of this preservation. Reduced prefrontal activity during risky decision-
making is demonstrated by fMRI and behavioral research (Ren et al., 2023), which

reflects an aging trend toward emotional regulation and risk aversion.

Reduced motor and motivational synchronization is linked to further
deterioration in basal ganglia function, especially in the striatum (Rodriguez-Sabate et
al., 2022). However according to the Scaffolding Theory (Reuter-Lorenz & Cappell,
2008) and the HAROLD model (Cabeza, 2002), compensation is visible in bilateral
cortical activation. The Socioemotional Selectivity Theory (Carstensen et al., 1999),
which explains why elderly individuals prioritize emotionally satisfying events, is

supported by these models.

Even while some social-cognitive abilities exhibit age-related decline, social
rewards continue to be important as people age because socio-affective processes like
empathy are maintained (Pollerhoff et al., 2022; Beadle & de la Vega, 2019). According
to neuroimaging research, prosocial involvement maintains the activity of reward-
related brain areas such the ventromedial prefrontal cortex and the striatum, which

supports long-term emotional motivation (Lockwood et al., 2024).
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The striatal enzyme phosphodiesterase 10A (PDE10A) decreases more slowly
with age than dopamine D-/Ds receptors, according to biochemical imaging studies.
This suggests a compensatory mechanism that helps maintain reward-related signaling
in spite of more general dopaminergic deterioration (Fazio et al., 2017). This delayed
decline in PDE10A availability may help older people' emotional and motivational

processes by providing resilience in reward-processing-related basal ganglia circuits.

At the same time, current study highlights the significance that the cerebellum is
to non-motor processes, especially reward. The cerebellum, which was once thought of
mainly as a motor component, is now understood to be essential for emotion regulation,
reward anticipation, prediction error processing, and adaptive cognitive function.
According to a recent consensus study, the cerebellum integrates emotional and
motivational data to direct behavior and engages in reward learning through links with

subcortical dopaminergic circuitry (Manto et al., 2024).

Together, these results provide credence to a reframed understanding of aging as
a dynamic and selective rearrangement of brain systems rather than a uniform
neurodegenerative process. The preservation of emotional and motivational capacities
and compensatory activation may be made possible by such rearrangement. However,
outside psychosocial influences have the ability to erode this adaptive capability. Chen
et al. (2022), for example, demonstrated that stereotype threat, which is brought on by
unfavorable societal perceptions of aging, changes brain activity in older persons when
they are performing memory tasks. This implies that contextual instability and
neurobiological resilience coexist in aging, highlighting the importance of taking social-
emotional context into account when assessing cognitive and affective results in older

people.
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3.1 Social Rewards in the Aging Brain

3.2 Types of Rewards and their Functions According to Age

In a study examining the stability of the reward system in healthy aging,
researchers used the Monetary Incentive Delay Task (MIDT) and EEG connectivity
measurements. Although older adults exhibited lower modulation of reward-related
connectivity, their reward system remained functionally preserved. They showed a
greater reliance on posterior cortical regions and right lateralized brain areas for reward
processing, while younger adults predominantly engaged left-hemispheric connectivity.
These findings suggest that while older adults process rewards differently,
compensatory mechanisms allow them to maintain reward-related functionality (Opitz

etal., 2022).

However, to the research, elderly people are less likely to be motivated by
monetary advantages, which is mirrored in differences in their neurocognitive functions.
As of recently, the latest study in the literature (Lockwood et al., 2021; Schmidt et al.,
2024) supports the idea that older people are more motivated for socially meaningful
rewards (like helping others or receiving social approval) than they are for monetary

gains.

Although the general findings in the literature about social rewards are that older
individuals have more reward value compared to other reward conditions (Schmidt et
al., 2024; Zhai et al., 2024) There are studies in the literature that argue the opposite of

these results.
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These results raise the question of whether elderly people's declining reward
acquisition is only related to financial incentives. Among the literature, a recent paper
that bolsters this theory sticks out. The purpose of the article was to use the meta-
analysis method to look into the fundamental causes of the growing altruistic desire
with age. About 16 research that focused on self-reports and observed behaviors in both

young and old people were reviewed.

The findings indicated that elderly people were more altruistic. One noteworthy
finding of the study is that the group categorized as young elderly (60—70 years old)
showed a higher degree of benevolence. Additionally, because to resource depletion
(physical, social constraints, etc.), the group with a greater average age (old age 70+)

had lower altruism scores (Sparrow et al., 2021).

In the behavioral study conducted by Hird and colleagues (2021), individuals
aged between 19-32 and 6675 participated, and a monetary reward task called the
"oddball discrimination task" was used. D1 dopamine receptor availability was

measured using PET imaging.

The results contradicted the authors’ initial hypotheses. Specifically, no
significant difference was found between younger and older participants regarding the
relationship between reward and response speed. In fact, older participants responded
more quickly as the average reward rate increased. This suggests that reward enhances

vigor regardless of age.

The activation of the reward system undergoes changes with age. In a study
investigating reward processing with FMRI, individuals between the ages of 18-34 and

63-80 were examined. The research investigated the difference between decisional
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processes and brain activations in social relations of individuals with strangers and

acquaintances. Three games were used in the experiment.

These are; Trust game, Shared Reward Task and Ultimatum game. Even if the
results for the trust game and the ultimatum game remain unclear, it was found that
participants who were older in the Shared Reward Task had a lower activation signal for

the reward than younger participants (Smith et al., 2024).

In older adults, dopaminergic function shows clear regional variation. While
areas like the striatum, linked to motivation and reward anticipation, retain a relatively
stable density of dopamine receptors, cortical regions such as the frontal and lateral
temporal cortices experience more pronounced declines. This pattern suggests that,
although motivational processes might remain somewhat intact thanks to preserved
striatal dopamine, higher-order cortical functions are more vulnerable to age-related

changes (Lorenz et al., 2014).

Recent research has explored how older adults respond to different types of
rewards, revealing nuanced shifts rather than a uniform decline. Although both younger
and older adults engage similar brain regions—such as the ventral striatum and anterior
cingulate cortex—older individuals show heightened activation in the right nucleus
accumbens (NAcc) particularly in anticipation of social rewards. This may reflect an
age-related reorientation toward more emotionally meaningful goals, suggesting that

social rewards become increasingly salient with age (Rademacher et al., 2014).

Interestingly, older adults also demonstrate increased activation in the ventral
striatum during the actual receipt of rewards, which might indicate challenges in reward

prediction, enhanced motivational effort, or even compensatory strategies in response to
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dopaminergic decline (Widmer et al., 2017; Cao et al., 2019). These neural shifts
suggest that the aging brain adapts, rather than simply deteriorates, in how it processes

rewards.

However, the predictive role of the prefrontal cortex appears to weaken with
age. Instead, older adults seem to lean more on experiential and habitual decision
making pathways (Eppinger et al., 2015). Furthermore, reductions in D1 receptor
density in key regions such as the ventromedial prefrontal cortex (vmPFC) and nucleus

accumbens may contribute to less accurate reward forecasting (L. de Boer et al., 2017).

Altogether, these findings highlight a more complex picture of the aging reward
system one that reflects both loss and adaptation. The effectiveness of music-based
interventions (MBI) has also been examined. In an fMRI study, elderly participants

without cognitive impairments underwent scans after an eight-week intervention.

Results showed that music associated with pleasure and familiarity created new
connections between the auditory system and the mPFC, underscoring the importance
of MBI for healthy aging (Quinci et al., 2022). Psychological research suggests that
older adults do not necessarily experience fewer rewards but exhibit a shift in reward

preferences.

While younger individuals derive greater pleasure from material and novelty-based
rewards, older adults value social and emotionally meaningful rewards more. Despite
reductions in dopaminergic activity, self-reported reward enjoyment remains stable or
even increases with age (Carstensen & Mikels, 2005; Samanez-Larkin & Knutson,

2015).
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I will give the final explanation of this section which show that social rewards
are also more protected in terms of brain structure in the elderly. From here, I will also
make a link that art therapies also have a social quality and therefore effective results

can be obtained.

Despite specific differences as compared to youth, the reward system's
functionality remains largely unchanged in old age. For instance, older people might not
be as driven by financial gains as younger ones; instead, they might place greater value
on socially significant benefits (such lending a hand to others or getting praise from
others). Research has indicated that older individuals have different neural processes in
this area and enjoy social rewards more than younger people (Solomonov et al., 2024;

Ren et al., 2023)

However, as individuals age, they become more altruistic; in particular, the
"young elderly" group, which includes those aged 60 to 70, shows a significant level of
altruism. As young elderly age, their tendency to be altruistic declines because their
social and physical resources decrease. There are regional variations in the dopamine
system, according to neuroscientific study; the striatum, which is linked to motivation
and reward expectancy, is largely intact, whereas the prefrontal and temporal cortex

experience declines (Belden et al., 2023).

The results of functional MRI studies, older people's responses to social rewards
have shown increased activation in areas like the right nucleus accumbens, suggesting
that aging is linked to an increased propensity towards emotional and meaningful

rewards. Additionally, challenges with reward prediction or compensatory mechanisms
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established to counteract dopaminergic decline may account for the greater activity of

the ventral striatum during reward acquisition in older persons (Kilford et al., 2024).

Experience and habit-based decision-making take the spotlight as the age-related
prefrontal cortex's contribution to the reward system's operation declines. The accuracy
of reward predictions may also be impacted by decreases in dopamine D1 receptor
density. This circumstance suggests that both functional loss and adaptive mechanisms

are a part of the aging reward system.

Lastly, music-based interventions (MBI) increase mPFC activity by
strengthening the links between the elderly's auditory and reward systems. This further
supports the idea that music promotes healthy aging. From a psychological standpoint,
it is proposed that older individuals' enjoyment of rewards changes to social and
emotional rewards rather than reducing, and that this enjoyment can even be enhanced

in spite of the decline in dopamine activity (Quinci et al., 2021; Horne et al., 2025)

3.3 How Music Bridges the Functions of the Default Mode Network (DMN)

The DMN refers to a set of interconnected brain regions that become more
active during inward-focused mental activities, such as self-reflection, daydreaming, or
recalling personal memories, rather than during external task engagement (Raichle et

al., 2001).

According to Fareri and colleagues 2022, the DMN is a crucial neural network
involved in social relationships. In a study using fMRI and the network
psychophysiological interaction (nPPI) method, age-related differences in DMN

connectivity with other brain regions during social interaction were examined.
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The findings revealed a statistically significant difference between older and
younger adults. Specifically, older adults showed stronger connectivity between the
DMN and the right temporoparietal junction (TPJ). The study highlighted that increased
activation in this region reflects enhanced processing of social interaction and close

relationships with friends in older individuals (Fareri et al., 2022).

Functional neuroimaging studies reveal that in older adults, the DMN exhibits
diminished activation and connectivity during reward processing. Despite reporting
positive evaluations of rewards, their neural reward processing is less efficient,

potentially contributing to decision-making challenges (Ren et al., 2023).

Aging also affects the DMN, weakening cognitive functions (Tomasi & Volkow,
2012). The age-related decline in cognitive performance has been linked to an increased

vulnerability to neurodegenerative conditions (Jones et al., 2011).

Although the reward system remains relatively preserved in later life, DMN
shows marked functional decline when compared to younger individuals. This neural
change is thought to underlie the so-called positivity bias observed in aging, wherein
older adults tend to focus more on emotionally positive than negative stimuli (Goelman

et al., 2024).

In addition, as will be discussed in the upcoming sections, the impact of the
DMN on art offers a different perspective. And although we have observed a decrease
in the activation of the DMN system in cognitive functions such as attention, problem-
solving, and executive functions through experimental tasks, the increase in DMN
activation while looking at artworks, especially abstract paintings, is often overlooked

in research (Krause —Sorio et al., 2025; Vessel et al., 2019; Belfi et al., 2019).



47

One could argue that aesthetic experience operates on its own special system
(Nadal & Skov, 2025). Thus, it appears crucial to look at how aesthetic experiences
relate to elements influencing older people's reward systems. The potential of these
individuals's brain functionality along with being diagnosed with mild cognitive
impairment (MCI) is demonstrated by a recent and significant randomized controlled
study (RCT) on people who practice calligraphy, an art form that is both aesthetically
oriented and cognitively active. The functional relationships between the DMN system
and the medial prefrontal cortex (mPFC), inferior parietal lob (IPL), hippocampus
formation (HF), posterior cingulate cortex (PCC), and lateral temporal cortex (LTC)
were investigated in detail in this study using functional magnetic resonance imaging

(fMRI) (Lee et al., 2024).

Participants in the control group showed a significant weakening of the connections
between the DMN and these regions at the end of the six-month period, whereas those
in the intervention group showed a significant strengthening of these connections. The
DMN system may be a biological marker for age-related cognitive alterations,
according to the study's other significant discovery regarding executive abilities,

especially those related to the frontal brain (Lee et al., 2024).

In older adults with major depression, altered DMN and reward circuit
connectivity correlate with treatment outcomes; stronger connectivity is linked to
greater improvements in depression severity. Therapies such as Problem-Solving
Therapy (PST) or "Engage" may enhance reward-related neural circuits, improving
decision-making and depression outcomes (Wang et al., 2020). As DMN connectivity
weakens, information processing becomes less complex but more affectively regulated,

favoring emotional balance (Grady et al., 2012).
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In a large-scale study involving fMRI data from 913 healthy individuals, the
effects of aging on the DMN were investigated, revealing significant structural and
functional changes (Tomasi & Volkow, 2011). Notably, long-range functional
connectivity in cortical regions associated with attention, decision-making, and higher-

order cognitive control was found to decline with age.

However, this change is not solely interpreted as a sign of cognitive
deterioration. Rather, it may reflect the brain’s adaptive reorganization in response to

age-related demands.

Such reconfiguration within the DMN could function as a compensatory
mechanism, helping to maintain cognitive balance by adjusting to the evolving needs of

the aging individual and offsetting declines in certain functions.

Reward motivation in healthy aging appears to enhance social engagement. This
shift may amplify emotional perspectives, leading to increased alstruism, innovation,

and productivity as individuals age (Isaacowitz et al., 2021).

Aging-related declines in dopamine (DA) levels impact brain function by
increasing variability in brain signals, particularly in subcortical regions, which can
influence cognitive tasks. This variability is positively associated with the suppression

of the DMN during tasks that require focus, such as spatial working memory.

In this context, decreased DA levels with aging lead to changes in brain signal
stability, potentially supporting cognitive performance by allowing greater flexibility in
neocortical areas and aiding in task-related disengagement of the DMN (Guitart-Masip

etal., 2016).
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Music is the bridge between the DMN and the reward system. The reason we
refer to music as a bridge between the DMN and healthy aging (Roman-Caballero et al.,
2018).t It will be possible to mention this expression due to its positive effects on many
emotions, functions, operations, modulation, and cognitive processes (Raja et al., 2025;

Castillejos & Godoy-Izquierdo, 2021).

Individual emotional center and reward system are significantly activated when
we associate familiar music with personal autobiographical memory, which enhances

cognitive function adaption to aging (Hennesy et al., 2025; Sedikides et al., 2022).

The DMN allows visual or auditory stimuli containing hedonic pleasure to have
a personal meaning for the individual (Belfi et al., 2019; Vessel et al., 2012). Music and
art therapies have significant therapeutic effects on the reward system and the DMN

during the aging process.

Functional magnetic resonance imaging (fMRI) studies show that aesthetic
preferences and appreciation for music influence brain regions associated with
emotional and reward processing, such as the anterior cingulate cortex, limbic system,

basal ganglia, and precuneus (Ripollés et al., 2025).

In older adults, music therapy can positively impact the reward system by
increasing dopamine production, which may contribute to the support of cognitive
functions (Ferreri et al., 2019). Additionally, research conducted on individuals with
Alzheimer's disease indicates that listening to preferred music is associated with
increased functional connectivity in the DMN, suggesting a potential role in slowing

cognitive decline (King et al., 2019).



50

In older adults, the DMN exhibits diminished activation and connectivity during
reward processing, despite more positive evaluations of rewards. This suggests that
aging alters reward processing, making it less efficient and potentially contributing to
decision-making challenges (Ren et al., 2023). Furthermore, in older adults with major
depression, altered connectivity in the DMN and reward circuits is associated with
treatment outcomes, with stronger connectivity linked to greater improvements in
depression severity and behavioral activation. This indicates that enhancing connectivity
within these networks through therapies like Problem-Solving Therapy (PST) or
"Engage" could help improve depression outcomes by targeting neural circuits involved

in reward processing and addressing decision-making difficulties (Wang et al., 2020).

By stimulating the limbic and reward systems, including the hippocampus,
amygdala, nucleus accumbens, and the pathways that connect them, music therapy
enhances emotional recall and can raise BDNF levels, which in turn stimulate
neurogenesis (Slade et al., 2025; Espinosa et al., 2025). Studies on mice have also
demonstrated that listening to music boosts BDNF expression and speeds up the

development of new neurons in the dentate gyrus (Slade et al., 2025).

By controlling DMN activity, music-based rehabilitation for Alzheimer's
patients may have a delaying effect on the disease's progression. According to Slade and
colleagues, music can improve executive functions by enhancing the interaction
between the fronto-parietal control network (FPCN) and the salience network (SN)
through the pre-supplementary motor area. This allows the DMN to "switch off" at the

right times (Slade et al., 2025).
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Active music therapies, such as piano lessons and choir practice, have been
shown in experimental research to significantly enhance verbal memory, attention, and
executive skills. For instance, a direct linkage between the improvement in executive
functions and this neurophysiological shift is suggested by the increased frontal theta
power following two weeks of jazz piano training, which also showed a negative

correlation with Stroop and PASAT scores (Bugos et al., 2024; Espinosa et al., 2025).

The DMN and the Executive Control Network (ECN), two important brain
networks, must operate together for creative thinking, according to research from the
Meta-Center Consortium (2025). The ECN is in charge of concentration and planning,
whereas the DMN facilitates inward-focused and mind-wandering cognitive processes.
The researchers assessed the frequency of switching between these two networks using
resting-state fMRI data. According to their research, the best results on tests of
divergent thinking are associated with a moderate switching frequency, which is neither
too high nor too low. Put differently, the DMN and ECN must have a balanced on-off
cycle for creativity to occur, and music can improve this equilibrium by inducing

network dynamics (Chen et al., 2025).

The idea of "network flexibility" was studied by Wu-Chung et al. (2025) in
elderly people taking part in a training program for music creativity. The frequency with
which various brain regions merge and split (modularity) and reorganize while at rest is
referred to as network flexibility. According to the study, after a six-week active music
program, participants with greater baseline flexibility scores showed substantial
cognitive improvements on the Montreal Cognitive Assessment (MoCA), but those with

lower flexibility scores did not. Based to this research, music may help cognitive
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processes by improving large-scale network dynamics and the brain's ability to

cooperate across regions, most likely including DMN hubs (Wu-Chung et al., 2025).

The DMN also plays a crucial role in the relationship between music and brain
functional networks during the creative process. Research using resting-state fMRI (rs-
fMRI) has found that individuals with higher musical creativity exhibit significantly

increased activity and connectivity in the DMN (Xue et al., 2025).

The DMN is associated with self-reflective thinking, mental simulation, and
emotional processing, suggesting that creative processes, such as musical improvisation,
have a strong connection with DMN activity (Beaty et al., 2014; Pinho et al., 2015).
Studies have shown that improvising musicians display higher activity in DMN regions,
including the mPFC, aligning with creative thinking processes (Limb & Braun, 2008;

Pinho et al., 2014).

Using resting-state fMRI data, this study investigated the differences in the brain
networks responsible for creativity between young and elderly adults. First, group-
independent component analysis (group ICA) was used to identify 11 resting-state
networks that coexisted in both age groups. Measurements of resting-state functional
connectivity (RSFC) were then used to assess the degree of communication between
these network. The relationship between the Executive Control Network (ECN) and the
DMN was more common and more extensive in young participants, as was the
interaction between these two networks and the visual, auditory, and sensorimotor
networks. However, the DMN's relationships to other networks had also decreased in
older participants, as had the "default executive coupling" between the DMN and the

EC. The cooperation between the cerebellum and DMN was found to persist despite a
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certain decrease in the cerebro-cerebellar pathways. This suggests that while the DMN
remains a key component of creative thought processes as people age, the inter-network

balance and interaction required for creativity decline with age (Patil et al, 2021).

The results demonstrate how inter-network balance and flexibility, which are
essential for creativity, decline with age and how crucial cerebellar functions are for
fostering creative thinking even in later life. Within this context, the importance of
music-based rehabilitation and art-based support, especially starting from adulthood and

particularly during old age, is emphasized.

The precuneus is a key association area located in the posteromedial cortex
(PMC), playing a crucial role in higher-order cognitive functions (Pereira-Pedro &

Bruner, 2016; Yamaguchi & Jitsuishi, 2024).

Structurally, the precuneus functions as a rich-club hub, serving as a core
connectivity center of the brain, while functionally, it overlaps with the DMN. The
DMN is associated with self-referential thinking, episodic memory, future planning, and
mind-wandering (Buckner & DiNicola, 2019). Notably, the ventral region of the
precuneus exhibits strong connectivity with the DMN, playing a critical role in these

cognitive processes (Zhang & Li, 2012).

The precuneus has been divided into three separate regions, anterior, central, and
posterior, each of which contributes to a specific cognitive function, according to

functional connectivity (FC) investigations (Margulies et al., 2009).

The anterior precuneus is linked to attention and sensorimotor processes, the

central precuneus is associated with cognitive and episodic memory functions, while the
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posterior precuneus is involved in visual perception and spatial orientation (Cauda et al.,

2010).

Tractography studies have demonstrated that the precuneus is structurally
connected to the medial prefrontal cortex (mPFC), posterior cingulate cortex (PCC),
inferior parietal lobule (IPL), and medial temporal lobe (MTL) all key components of
the DMN (Jitsuishi & Yamaguchi, 2023). These findings indicate that the precuneus
serves as a major hub in the brain’s intrinsic cognitive processing network, integrating
structural and functional connections that remain active even during rest (Utevsky et al.,

2014).

Due to its functional heterogeneity and complex connectivity patterns, the
precuneus remains a central area of research for understanding the neural mechanisms

underlying consciousness, memory, and attention.

The precuneus region appears to play an important role in adaptive aging
(Fischer et al., 2025). The idea known as Superior Illusion (SI) is described in a recent
article. This suggests that people think of themselves as more moral, logical, and helpful

than other people.

The researchers employed a behavioral experiment to evaluate this effect. After
measuring the participants' SI scores, gray matter volumes were quantified using VBM
(Voxel-Based Morphometry), and their metacognition was evaluated using rsFC
(resting state brain activity). Results older individuals with a high SI score had a larger
gray matter volume in the right precuneus. If the precuneus is thought to be related to
self-perception, individuals with a high score are believed to have stronger adaptation

abilities towards the process of healthy aging (Shidei et al., 2025).
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Recent studies have explored how reward processing changes with aging,
revealing significant differences in neural activity between young adults (Y As) and
older adults (OAs). Both groups activate the medial prefrontal cortex (mPFC), a key

reward center, while listening to their preferred music.

A recent study investigated the impact of music-based interventions (MBIs) on
the auditory and reward systems in older adults. Sixteen cognitively healthy older
participants underwent an 8-week personalized MBI, with brain activity measured using

functional magnetic resonance imaging (fMRI) before and after the intervention.

Participants listened to music excerpts, either self-selected or chosen by
researchers, and rated them based on liking and familiarity. Advanced data analysis
techniques were employed, including whole-brain regression, seed-based connectivity

analysis, and representational similarity analysis (RSA).

The study focused on brain regions associated with auditory processing and the
reward system, such as the medial prefrontal cortex (mPFC) and DMN. Parametric
contrasts examined the influence of musical liking and familiarity, while seed-based
analyses explored changes in connectivity between auditory regions and the mPFC.
RSA was used to assess how different music features—Iiking, familiarity, and self-
selection—were represented across brain networks. Quinci and collegues (2022),
incorporated both self-selected and researcher-selected music to understand how

personal preference and familiarity influenced brain responses.

Self-selected, well-liked, and familiar music enhances auditory and reward
system activity in older adults, particularly within the DMN, with notable increases in

mPFC connectivity and engagement of autobiographical memories. These findings
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suggest that incorporating personal music choices in can strengthen reward connectivity
and offer therapeutic value for conditions like Alzheimer's disease and depression. It
was shown that there was a considerable increase in the link between the auditory cortex
and the medial prefrontal cortex (mPFC) as participants projected the music onto their
own subjective values and this relationship strengthened, resulting in higher rates of
liking and familiarity. Given that the mPFC plays a crucial role in self-perception and
socioemotional issues, it can be claimed that music-based interventions (MBI) help

older people's brains form critical connections (Quinci et al., 2022).

Mice have been used to study the medial prefrontal cortex, a region of the brain
that degenerates with age. The study divided participants into three categories: young,
middle-aged, and old. Brain network activity at rest and throughout the task were
investigated using a memory-based decision-making challenge. The idea of degree
centrality, which describes the density and functionality of neurons, has been applied to

explain the findings (Ranjbar-Slamloo et al., 2025).

They highlighted that the prefrontal areas, which are involved in core executive
functions, are also actively involved in memory tasks in young mice, and that synaptic
plasticity plays an active part in these tasks. In contrast, the degree of centralization of
neurons in the prefrontal regions, particularly in the vicinity of the frontal cortex, has
diminished in older mice. According to the researchers, aging therapies should focus on
strengthening and rehabilitating the mPFC, a part of the brain that deteriorates with age

(Ranjbar-Slamloo et al., 2025).

A cross-sectional study examined the relationship between lifelong musical

activity and resting-state functional connectivity (RSFC) in the aging brain. The study
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included 130 cognitively healthy participants aged 60 and older, comparing individuals

with a history of musical activity to those with no musical involvement.

The "Lifetime of Experiences Questionnaire" assessed participants' engagement
in musical activities across different life stages; early, middle, and late adulthood.
Functional magnetic resonance imaging (fMRI) was used to analyze connectivity within

the DMN, the Fronto-Parictal Network (FPN), and the Salience Network (SN).

Results indicated that individuals with lifelong musical experience exhibited
significantly higher local functional connectivity between the medial prefrontal cortex
(mPFC), the right temporal pole, and the right superior frontal gyrus. These findings
suggest that sustained musical engagement positively influences cognitive networks in

aging individuals (Liebscher et al., 2024).

Furthermore, studies have shown that creativity is processed by various brain
networks. A study by Moreno-Rodriguez (2025) demonstrated that originality in
creative thinking is processed by the DMN, while adequacy is associated with the
Executive Control Network (ECN). These elements influence the subjective value of
ideas through the brain's reward system (BVS). This interplay between different neural
networks provides insight into how creativity and cognition evolve as individuals age,

revealing the complex dynamics between the DMN and other cognitive systems.

The relationship between aging and brain networks is also evident in the
communication between the caudate region and the DMN. Roftfman et al. (2016)
explain that, as individuals age, the caudate region’s connection with the DMN

increases, a process referred to as "differentiation." This suggests that the caudate's
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ability to differentiate between various networks weakens with age, which may affect

cognitive function and self-awareness.

Singh and colleagues (2025) found that the connection between the caudate and
DMN strengthened in older individuals in a resting-state fMRI study. In a sense, the
caudate is not only a structure that responds to the motor system and the reward system,
but it also accompanies a process where individuals better know and observe
themselves. In addition to this study, another recent research has defined the shift of the
caudate's communication with the reward system and motor networks to the DMN
system as dedifferentiation. The researchers have emphasized the role of D1 in the
formation of dedifferentiation and it has been observed that the interaction and
communication of the caudate with the DMN increases with the decrease of D1 (Korkki

et al., 2025).

Additionally, dopamine plays a critical role in balancing these network
dynamics, with aging leading to an imbalance in dopamine D1 receptors, further
influencing the efficiency of these brain networks (Roffman et al., 2016; Johansson et

al., 2023).

The positivity bias in aging describes older adults’ tendency to focus on positive
information while ignoring negative stimuli. This cognitive shift enhances emotional
well-being and may compensate for declines in neural reward responsiveness (Grady et
al., 2012). Functional imaging studies indicate that the prefrontal cortex plays a key role
in regulating emotions by suppressing negative affect and enhancing positive processing

(Mather & Carstensen, 2005).

3.4 Aging and Reward Decisions: The Impact of Cognitive and Social Factors
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Aging affects decision-making related to reward expectations, though this varies
depending on the type of reward. Some studies suggest that older adults are more
willing to wait for rewards, indicating increased patience with age (Eppinger et al.,

2012; Green et al., 1994; Lockenhoff et al., 2011).

However, findings remain mixed. While some research suggests that age does
not impact monetary rewards (Lockenhoff & Samanez-Larkin, 2020; Rieger & Mata,

2015), others indicate that older adults become less patient (Read & Read, 2004).

A large-scale meta-analysis incorporating data from over 100,000 participants
concluded that there is no significant difference between younger and older adults in
financial reward responses (Seaman et al., 2022). However, age-related differences
emerge in non-monetary rewards. Older adults display a stronger preference for social
and health-related rewards than younger individuals (Seaman et al., 2016).For instance,
in charitable giving, older adults prefer donation options that maximize long-term
benefits, whereas younger individuals show similar preferences for both immediate and

delayed rewards.

This suggests that aging influences the valuation of social and health-related
incentives differently than financial ones. One possible explanation is decision conflict.
Eppinger et al. (2018) found that older adults exhibit greater impatience when faced

with closely competing options, whereas younger adults tend to be more patient.

This discrepancy is linked to differences in working memory utilization.
Additionally, income levels impact reward-related decision-making. Older adults with
lower incomes are less inclined to wait for rewards compared to their wealthier

counterparts (Green et al., 1996).
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3.5 The Effect of Music on the Cognitive System in Studies with Young and Old

Participants

Music has long been recognized for its potential to enhance cognitive functions
across various age groups. Recent research has further elucidated its benefits,

particularly in older adults.

Bottcher et al. (2022) conducted an extensive cross-sectional study to examine
the effects of musical activity on cognitive functions and brain structure in older adults.
The study compared participants who had engaged in musical instrument training (n =
70) with those who had not (n = 70). Findings revealed that individuals actively
involved in music exhibited superior performance in cognitive domains such as working
memory, executive functions, language skills, and visuospatial abilities compared to the
control group. Moreover, music-active participants demonstrated increased gray matter
volume in somatosensory brain regions, though no significant differences were

observed in higher-level brain regions like the frontal, temporal, and hippocampal areas.

These results suggest that musical activity can positively influence cognitive
abilities and brain structure in elderly individuals, potentially serving as a protective

strategy against brain aging.

Engagement with music in older age has been associated with positive effects on
brain health, even among non-professionals. A study by Ai et al. (2022) found that
musical experience in older adults is linked to enhanced functional connectivity in the
insula region, which plays a crucial role in cognitive processes and emotional

regulation.
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In a study involving 85 native French speakers aged 20-87, Zhang and Tremblay
(2023) investigated resting-state functional connectivity (RSFC) across networks related
to speech, auditory processing, language, default mode, and dorsal attention areas. The
research highlighted the precuneus region as a specialized area for auditory cognition.
Both singer and non-singer participants exhibited activation in this region during

auditory tasks, underscoring its importance in auditory processing across the lifespan.

Jiinemann et al. (2023) explored the impact of a year-long piano training
program on healthy older adults. The study observed increased functional connectivity
in the right dorsal auditory stream post-training, suggesting that sustained musical
training can enhance specific neural pathways associated with auditory processing in the

aging population.

In younger populations, music has also been shown to confer cognitive benefits.
A study by Zhang and Tremblay (2023) examined the effects of background music on
attentional control in both older and younger adults. The findings indicated that
background music can influence cognitive functions differently across age groups, with

potential benefits for attentional control in younger adults.

3.6 The Role of Brain Networks in Aging: Effects of Music, Reward, and Cognitive

Function

However, in older adults, the hippocampus shows significant activation,
suggesting that music may evoke more vivid memories and emotions. Additionally,
increased engagement of the precuneus indicates a greater focus on reflection and
memory. Despite these activations, weaker connectivity between reward-related areas in

older adults suggests a diminished pleasure response with age. These findings highlight
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the potential of music-based therapies to enhance emotional well-being and social

connection in aging populations (Belden et al., 2023)

Aging triggers compensatory mechanisms in the brain, such as neural
compensation and neural reserve, which help offset cognitive decline. Neural
compensation involves the recruitment of alternative brain networks, while neural
reserve relies on more flexible cognitive resources. The Temporal Hypothesis for
Compensation suggests that older adults maintain performance by employing delayed
activation in different brain regions. This mechanism can be influenced by therapeutic
interventions such as music, which has been shown to alleviate symptoms of
neurodegenerative diseases and enhance brain connectivity (Martins et al., 2015;

Morcom & Johnson, 2015).

A systematic review and meta-analysis investigating the cognitive and
psychological effects of visual art therapy (VAT) on older adults found that VAT
enhances cognitive activity. The authors proposed VAT as a non-pharmacological

therapy alternative with significant benefits for cognitive health (Masika et al., 2020).

3.7 Creative Aging and Reward System

In recent years, the idea of creative aging has changed to reflect a dynamic,
neuroscience-informed understanding of how artistic and aesthetic involvement benefits
older persons' emotional and neurocognitive well-being. Creative aging, which was first
proposed by Gene D. Cohen in 2000, questioned the prevalent deficit model for aging
by highlighting the ability to express themselves, be creative, and create meaning in
later life. Compared to non-participants, older persons who participated in

professionally guided creative activities showed improved physical health, fewer doctor
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visits, and higher morale, according to Cohen's innovative study, which included the

federally sponsored Creativity and Aging Study (Cohen, 2006).

Even in older adults, aesthetic experiences particularly responsive music
listening and visual art perception consistently take part key regions of the brain's
reward system (Shinada et al., 2025). Areas involved in hedonic valuation, affective
regulation, and motivational salience, including the ventral striatum, orbitofrontal cortex
(OFC), and medial prefrontal cortex (mPFC), are activated by these events (Luo et al.,
2025). Luo and colleagues conducted a comprehensive meta-analysis and found
modality-specific patterns: visual art primarily activated the frontal pole and inferior
frontal gyrus, which are regions linked to meaning-making and evaluative judgments,

whereas music elicited increased activity in bilateral auditory cortices and striatal areas.

The potential of music to promote emotional engagement and support
neuroplasticity in aging populations is further highlighted by recent evidence showing
that individual differences in music reward sensitivity are linked to improved structural
and functional connectivity between auditory regions and the brain's reward circuitry
(Matthews et al., 2024). Given age-related declines in intrinsic desire and dopaminergic
efficiency, these findings become even more significant. Notably, it has been
demonstrated that music-evoked nostalgia in older adults activates important hubs of the
DMN as well as the reward network, including the ventral striatum. This suggests that
that aesthetic experiences continue to trigger robust neural responses in later life (Lesiuk

et al., 2025; Faber et al., 2024).

Similarly, an investigation by Belden et al. (2023) found that older individuals

decrease this connectivity gap when listening to their favorite music, even though
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younger adults typically demonstrate greater auditory—reward network connectivity
during both rest and music listening. It's interesting to note that some elderly people
with high musical reward sensitivity have connection patterns similar to those of
younger people, as well as increased coupling between the auditory cortex and

prefrontal/inferior frontal regions when exposed to music.

Furthermore, the results imply that even in the presence of normal age-related
dopamine reduction, aesthetic experiences function as emotionally salient stimuli that
cause dopaminergic activation. The idea that creative expression acts as a compensation
mechanism for older people' lowered reward sensitivity can be supported by the
enhanced coupling between emotion- and reward-related structures observed during the

intervention (Yan et al., 2025).

According to recent empirical research, aesthetically stimulating interventions,
such organized programs centered on music and art, might stimulate cognitive and
emotional processes that may mitigate age-related dopaminergic loss. According to the
MoCA scale, a 14-week social-art intervention significantly improved short-term global
cognitive functioning in institutionalized older individuals with mild cognitive
impairment (MCI) (Huang et al., 2025). Through sequential creative exercises and
group-based emotional expression, the educational material, which integrated social

participation and multimodal art creation, encouraged cognitive engagement.

The intervention showed that aesthetic stimulation can provide quantifiable brain
and behavioral benefits even in late life, even though the effects were lessened by the
24-week follow-up. In support of these conclusions, a comprehensive network meta-

analysis comparing 38 randomized controlled trials revealed that music therapy and
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visual arts-based interventions are particularly successful in enhancing cognitive
outcomes in older adults, specifically memory and executive functioning (Yue et al.,
2025). These findings highlight the ability of emotion-driven, multimodal interaction to
promote reward system reactivation and compensatory neuroplasticity in older adults,

providing non-pharmacological means of preserving emotional and cognitive health.

The concept that multimodal, emotionally captivating aesthetic experiences,
such listening to music, may promote compensatory neuroplasticity and make it easier
for reward-related brain networks to reactivate is supported by recent neuroimaging and
electrophysiological research, especially in older populations. According to a recent
high-density EEG study by Eskine et al. (2023), listening to stimulating music that is
known to enhance creative cognition enhanced activation in the salience network (SN),
DMN), and cognitive control network (CCN). Particularly, across significant cortical
regions, spectral power increased in the beta, theta, and gamma frequency bands,
suggesting increased preparedness for internally-directed cognition, evaluative control,
and attentional salience three elements intimately linked to dopaminergic modulation
and neuroplastic learning processes. These results imply that even brief exposure to
emotionally charged music can effectively encourage large-scale brain networks linked

to emotion, creativity, and cognitive adaptability.

Meanwhile, Wu Chung et al. (2025), showed that an 8-week receptive music
intervention in older individuals resulted in long-lasting improvements in functional
connectivity between the ventral striatum, medial prefrontal areas, and auditory
cortices—all important nodes in the mesolimbic reward system. According to these
long-term fMRI results, music-based therapies can be used as non-pharmacological

means of enhancing the emotional and motivational circuitry, which frequently



66

deteriorates with aging. Collectively, these findings highlight how emotionally charged
and multimodal aesthetic experiences can serve as triggers for compensatory brain
processes, strengthening the dopaminergic and default mode networks that are critical

for preserving emotional and cognitive health in old aged.

A growing and extending body of research highlights that, in along with music,
other aesthetic experiences—visual arts, dance, and immersive multisensory
environments in particular—may have a substantial impact on older adults' emotional
and neurocognitive well-being by activating the brain's reward circuitry and promoting
compensatory neuroplasticity. These therapies are becoming more widely
acknowledged as effective non-pharmacological strategies for promoting healthy aging

considering they integrate multifaceted sensory, emotional, and cognitive processing.

It has been demonstrated that visual arts-based therapies, such as drawing,
painting, or sculpting, improve older individuals' social participation, identity
continuity, and emotional regulation especially for those receiving institutionalized care.
According to Galassi et al. (2022) and McQuade & O'Sullivan (2024), art therapy
programs engage frontal brain regions linked to evaluative judgment and hedonic
valuation, such as the inferior frontal gyrus and medial orbitofrontal cortex, while also
promoting proprioceptive awareness and emotional expression. Even non-musical
aesthetic engagement may influence emotional salience and motivation later in life, as

these brain regions have a significant overlap with the dopaminergic reward system.

Dance is a dynamic and embodied aesthetic experience that integrates social
interaction, thythm, and coordinated motor activity in a unique manner. Based on

behavioral and neuroimaging research, structured dance therapies improve connectivity
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and activation in mesolimbic and prefrontal regions, covering the dorsolateral prefrontal
cortex, anterior cingulate cortex, and ventral striatum (Basso et al., 2021). Executive
control, emotional regulation, and reward processing all depend on these regions.
Moreover, sustained participation in dance has been linked to improved functional
integration of the default mode network and increased gray matter volume in motor-
related regions (Rehfeld et al., 2017). By stimulating activity in the salience and motor-
reward networks, dance's rhythmic and emotionally captivating qualities may make up
for age-related dopamine decrease, enhancing mood and cognitive function (Batson et

al., 2024).

Multisensory environments and immersive virtual reality (VR) are
technologically creative ways to provide aesthetic stimulation. For older adults,
especially those with mild cognitive impairment, VR-based therapies have shown
notable improvements in emotional and cognitive outcomes. Virtual reality systems can
enhance cognitive engagement, decrease depression symptoms, and evoke
autobiographical memories by mimicking emotive contexts like interactive art spaces or
natural landscapes (Kalantari et al., 2022). On the basis of functional neuroimaging
research, VR exposure improves connectivity between the default mode and salience
networks, which are both essential for internal mentation and attentional salience, and
activates reward-related circuits such as the ventromedial prefrontal cortex and nucleus
accumbens (Gomes et al., 2020). The lasting cognitive and motivational benefits
observed in longitudinal studies may be explained by the fact that these effects become
even stronger when the VR environment is emotionally salient or personally valuable

(Du et al., 2024).
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The brain's mesocorticolimbic dopaminergic system, particularly the ventral
tegmental area (VTA), nucleus accumbens (NAcc), orbitofrontal cortex (OFC), and
medial prefrontal cortex (mPFC), is where the neurobiological processes behind these
effects converge combined. Reinforcement learning, motivational salience, and the
sense of aesthetic pleasure are all reliably linked to these systems. Reduced motivation,
hedonic tone, and cognitive flexibility are all impacted by the usual loss in dopamine
receptor availability and synaptic transmission that occurs with aging. In contrast,
several studies show that emotionally salient aesthetic experiences, such as dance,
visual art, and virtual reality, can reactivate these circuits, acting as compensatory
stimuli that maintain cognitive health and emotional vitality despite neurobiological

aging (Hewston et al., 2021; Liu et al., 2021).

Importantly these types of therapies cannot be effective in a state of inactivity;
instead, they cause extensive neuroplastic alterations in large-scale brain networks,
especially the central executive network (CEN), salience network (SN), and default
mode network (DMN). According to DiNicola et al., (2020) and Andrews-Hanna et al.
(2014), these networks collaboratively support autobiographical memory, attention
allocation, emotional regulation, and higher-order cognitive integration skills that are

frequently susceptible to age-related decline.

Music, visual arts, dance, and virtual reality are illustrations of emotionally
charged aesthetic experiences that might improve older individuals' cognitive and
emotional well-being without the need of pharmaceuticals. These experiences reduce
the impacts of age-related dopaminergic decline by activating significant regions of the

mesocorticolimbic dopamine system, such as the orbitofrontal, medial prefrontal,
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nucleus accumbens, and ventral tegmental region (Aiello Quinci et al., 2022; Yue et al.,

2025).

4. Discussion

This review aims to synthesize recent interdisciplinary research examining how
the aging brain adapts to alterations within the reward system, with particular attention
to the adaptive roles of the cerebellum, the default mode network (DMN), and the
modulatory effects of aesthetic stimuli such as music. Traditionally, the aging process
has been characterized predominantly by inevitable neurocognitive deterioration,
especially within dopaminergic circuits responsible for motivation, reward anticipation,
and valuation (Nordin et al., 2022). However, an accumulating body of contemporary
literature indicates that this traditional perspective is overly simplistic, revealing
significant neural plasticity, functional reorganization, and adaptive preservation within
the aging brain, particularly evident in circuits involved in reward processing

(Johansson et al., 2023).

Recent findings challenge the notion of uniform cognitive decline and instead
suggest a dynamic interplay of degenerative and compensatory processes. In this
context, areas such as the cerebellum and the DMN have emerged as particularly
intriguing regions due to their previously underappreciated roles in affective
neuroscience. Historically associated primarily with motor functions, the cerebellum is
now increasingly recognized for its involvement in higher cognitive functions, including
social cognition, emotional processing, and reward anticipation and valuation. Research
indicates that the cerebellum maintains considerable functional integrity and exhibits

notable adaptive capabilities in older adults, potentially compensating for declines in
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other dopaminergic circuits by sustaining emotional and social reward processing

(Ferreri et al., 2019).

Similarly, the DMN traditionally linked to internally directed cognitive
processes such as self-reflection, autobiographical memory retrieval, and mind-
wandering—has been identified as playing a crucial role in emotional and motivational
functions during aging. Despite typical age-related reductions in DMN connectivity
during cognitively demanding tasks, aesthetic experiences, particularly music, appear to
uniquely engage and enhance DMN connectivity, contributing to improved emotional

regulation, cognitive flexibility, and resilience in older adults (Espinosa et al., 2025).

Furthermore, aesthetic stimuli like music have garnered significant attention for
their potential to modulate neural plasticity and cognitive reserve in aging populations.
Music, particularly when it evokes personal significance or autobiographical memories,
can robustly activate dopaminergic reward pathways and reinforce functional
connectivity within and between critical brain networks such as the DMN, the
cerebellum, and limbic structures. These effects not only enhance emotional well being
but also bolster cognitive resources, potentially mitigating the impacts of age-related

cognitive decline.

The varying susceptibility of different parts of the brain to aging is an important
finding in the reviewed literature. While some structures, like the cerebellum, anterior
cingulate cortex (ACC), medial orbitofrontal cortex (mOFC), and parts of the DMN,
demonstrate relative structural and functional preservation, others, like the prefrontal
cortex and hippocampus, show significant atrophy and dopaminergic decline (Carvey et

al., 2021; Karalija et al., 2022). Several individuals preserve psychological well-being
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and their capacity to make decisions despite age-related cognitive decline, which may
be explained by this selective resistance, which seems to enhance emotional regulation,

social motivation, and reward processing in older adults.

Notably, the involvement of the cerebellum in cognitive and affective processes
has come into focus in recent study. Due to its association to the ventral tegmental area
(VTA) and its profusion of dopaminergic receptors, the cerebellum once thought to be
largely a motor control center is now understood to be an essential center in social and
emotional reward processing (Carta et al., 2019). These cerebello VTA linkages
facilitate motivated engagement in aging by directly influencing reward anticipation and
receipt (Kruithof et al., 2023; Gong et al., 2009). Moreover, maintaining cerebellar

function might serve as an antagonist to dopaminergic dysfunction elsewhere.

From a behavioral point of view, motivational priorities change with age. Older
adults are increasingly prioritizing emotionally significant goals over novelty-seeking or
extrinsic incentives, according to the positivity effect (Mather & Carstensen, 2005) and
the socioemotional selectivity theory (Carstensen et al., 1999). This change is consistent
with empirical evidence that social rewards cause increased activation of the ventral
striatum and nucleus accumbens, as well as decreased activity in executive control areas
such as the prefrontal cortex (Rademacher et al., 2014; Opitz et al., 2022). These
alterations show an adaptive realignment of the reward system toward emotionally

compelling stimuli rather than a reduction in reward capacity.

In this regard, music becomes a powerful modulator of brain networks
associated with aging. It has been demonstrated that music-based interventions (MBIs)

improve connections between auditory areas and the mPFC, activate autobiographical
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memory, and activate the DMN, particularly when the music is emotionally familiar and
self-selected (Quinci et al., 2022). According to these results, aesthetic experiences may
strengthen the functional connections between self-referential processing centers and
intact reward circuitry, providing a possible means of preserving motivation, emotional

vigor, and cognitive engagement.

Another preserved but adaptable mechanism in aging is the DMN itself.
Engaging with significant aesthetic stimuli, like music or visual art, seems to selectively
activate DMN hubs, such as the mPFC and precuneus, even while total activity and
connectivity may decrease with age (Belfi et al., 2019; Vessel et al., 2012). By
promoting affective coherence and autobiographical continuity, this selective activation
can make compensate for a decline in executive functioning. Furthermore, models of
creative aging, which stress the value of narrative, introspection, and emotional
processing in later life, are consistent with the DMN's role in aesthetic experiences

(Isaacowitz et al., 2017; Chen et al., 2025).

From a behavioral point of view, motivational priorities change within an old
age. Older adults are increasingly emphasizing emotionally essential objectives over
novelty-seeking or extrinsic incentives, according to the positivity effect (Mather &
Carstensen, 2005) and the socioemotional selectivity theory (Carstensen, Isaacowitz, &
Charles, 1999). This change is consistent with empirical evidence that social rewards
cause greater stimulation of both the ventral striatum and nucleus accumbens, as well as
decreased activity in executive control areas such as the prefrontal cortex (Rademacher,
Salama, Griinder, & Spreckelmeyer, 2014; Opitz et al., 2022). These alterations show
an adaptive orientation of the reward system toward emotionally compelling stimuli

rather than an impairment in reward capacity.
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There is increasing acceptance that the aging brain still has a great deal of
neuroplastic potential as a result of these results. According to models like the
Scaffolding Theory of Aging and Cognition (Park & Reuter-Lorenz, 2009), Cognitive
Reserve (Stern, 2002), and Brain Maintenance (Stern et al., 2018), structural and
functional adaptations can slow down age-related decline. By emphasizing the
cerebellum's developing function, the motivational shift toward social and aesthetic
rewards, and the potential for neural reconfiguration through aesthetic engagement, the
current review lends credence to these theories. While regarded as an entire, these
results support a broader view of aging as a dynamic process of resilience, significant

adaptation, and compensation instead of merely decline.

5. Conclusion

This thesis investigated how the aging brain maintains an remarkable degree of
plasticity despite neurobiological changes, especially in processes connected to rewards.
It reframed aging as a dynamic reconfiguration incorporating compensatory measures
and the retention of functionally relevant networks, rather than as a process of decline,
by combining research from cognitive neuroscience, psychology, and neuroaesthetics.
The review started by describing the physical and molecular characteristics of aging,
including genomic instability, altered intercellular communication, and synapse loss,
from a biological perspective. The prefrontal cortex and hippocampus are the main
areas affected by these alterations, whereas the anterior cingulate cortex (ACC), medial
orbitofrontal cortex (mOFC), and cerebellum—structures implicated in affective
regulation and reward—show relative preservation. Theoretical frameworks such as

Cognitive Reserve, Brain Maintenance, the HAROLD model, and the STAC
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framework, which highlight the brain's capacity for adaptive plasticity in later life, were

used to understand this neuroanatomical findings.

It has been demonstrated that the reward system, which is primarily controlled
by dopaminergic flow, is functionally active throughout life, albeit with regional
variations. With recently discovered monosynaptic connections to the ventral tegmental
area (VTA), the cerebellum—a region that was previously undervalued in the emotional
and cognitive domains—emerged as a crucial node within the dopaminergic reward
network. These circuits may help maintain motivation and emotional vigor as people
age, supporting both the expectation and reception of rewards. This is particularly
pertinent because, according to the Socioemotional Selectivity Theory (Carstensen et
al., 1999) and research on optimism bias, social and aesthetic rewards—like music—

become more significant as people age.

The default mode network (DMN), auditory cortex, and medial prefrontal cortex
(mPFC) are among the important reward-related and self-referential brain networks that
have been demonstrated to be modulated by aesthetic experiences, especially music. In
older individuals, music-based therapies (MBIs) have been associated with improved
functional connectivity, increased BDNF expression, and favorable emotional
outcomes. According to empirical research, by activating the reward system's preserved
areas, fostering social ties, bringing back memories of one's own life, and encouraging
emotional control, aesthetic experiences may serve as compensating mechanisms. When
combined, these results demonstrate that when the aging brain is stimulated by
meaningful, visually stimulating experiences, it retains a remarkable potential for

emotional and motivational involvement.
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In addition to providing hedonic pleasure, music and other artistic endeavors
encourage adaptive remodeling of neural circuitry, which promotes wellbeing in later
life. Such experiences actively support reward sensitivity, social connection, and
cognitive flexibility—essential components of healthy aging—as opposed to being
passive or recreational. The findings of this thesis have a number of implications for
clinical intervention, public health, and further study. First, effective, non-
pharmacological methods for improving the quality of life in older populations should

be regarded as music- and art-based therapies.

Second, research examining dopaminergic regulation in later life should
empirically focus more on the cerebellum—VTA axis. Finally, to better understand how
individual variations in aesthetic engagement may regulate healthy cognitive and
emotional aging, future research should use longitudinal and multimodal imaging

methods.

In summary, aging involves more than just the loss of function; it also involves
the development of new types of emotional and cerebral complexity. In addition to
delaying cognitive decline, we can add purpose, happiness, and connection to the last

stages of life by engaging the aesthetic aspects of the human experience.
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Table 2.
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Integrated summary of experimental studies reviewed on aging, reward

processing, and aesthetic interventions

Authors Participants Study Type Main Finding
Ai, M., Loui, P.,
Morris, T. P., Musical experience is
Chaddock-Heyman, associated with
L., Hillman, C. H., Older adults Resting-state fMRI  stronger insula-based
McAuley, E., & functional
Kramer, A. F. connectivity.
(2022)

Baek, S. J., Park, J.
S.,Kim, J.,
Yamamoto, Y., &
Tanaka-Y amamoto,

K. (2022)

Basso, J. C., Satyal,
M. K., & Rugh, R.
(2021)

Batson, G. B,
Blising, B. E.,
DeSouza, J. F.,
Haas, A.N., &

Animal model

(mice)

Older adult
dance

participants

Older dancers

Optogenetic &
behavioral

neuroscience

EEG hyperscanning

Narrative synthesis
+ neuroplasticity

data

Cerebellar projections
to VTA modulate
depression-like

behavior under stress.

Dance increases intra-
and inter-brain
synchrony, potentially
enhancing social
cognition.
Dance practice
supports embodied
agency and cognitive

reserve in aging.



Hugenschmidt, C.
E. (2024)

Belden, A., Quinci,

M. A., Geddes, M.,

Older adults fMRI connectivity

Donovan, N. J.,

Hanser, S. B., &

Loui, P. (2023)
Belfi, A. M.,
Vessel, E. A.,

(mean age ~70) analysis

Healthy adults
(incl. middle-

Brielmann, A., Isik, fMRI aesthetic-

A. L., Chatterjee, A., stimulus response

aged
Leder,H., ... & ged)
Starr, G. G. (2019)
Berry, A. S., Shah,
V.D., Baker, S. L., Older adults PET & fMRI
et al. (2016)
Berry, A. S., Jagust,
fMRI & decision-
W.J., & Hsu, M. Older adults
making task
(2019)
Bortolini, T., Adult human

fMRI coordinate-

Laport, M. C., etal. samples (meta-

(2024)

) based meta-analysis
analysis)
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Auditory—reward
system connectivity is
maintained and

reorganized in aging.

Default mode network
dynamically tracks
the intensity of

aesthetic experience.

Aging alters
dopaminergic
mechanisms
underlying cognitive

flexibility.

Age-related
differences in
dopaminergic

modulation affect
decision variability.
Attachment involves
an extended network
of affiliative and

reward areas.



Bottcher, A.,
Zarucha, A., Kdbe,
T., etal. (2022)

Bugos, J. A.,
Gbadamosi, A., et
al. (2024)

Cao, X., Liu, T.,
Jiang, J., et al.
(2021)

Carta, 1., Chen, C.
H., etal. (2019)

Castellano, J. M.,
Mosher, K. 1., et al.
(2017)

Castillejos, C., &
Godoy-Izquierdo,
D. (2021)

Cera, N., Esposito,
R., Cieri, F., &
Tartaro, A. (2019)

Chen, Q., Kenett, Y.

N., Cui, Z., et al.
(2025)

Observational
Older adults neurocognitive
battery
Older adults . o
. ‘ EEG pilot training
(Jazz piano
study
group)
Elderly adults
ina o
o Longitudinal fMRI
longitudinal
cohort

Optogenetics and
Rodent models

behavior
_ Molecular
Aged mice _ _
intervention study
Institutionalized
RCT
older adults
Older adults
and MCI Resting-state fMRI
patients
Healthy adults Task-based fMRI

95

Lifelong musical
activity is linked with
cognitive and brain
benefits.

Jazz training
modulates neural
oscillations and
improves executive

functions.

Effective connectivity
changes across aging
are linked to
cognition.
Cerebellum modulates
reward processing and
social behavior.
Cord plasma proteins
improve hippocampal
function in aged mice.
Music-based care
improved
psychological well-
being and vitality.
Aging and MCI affect
functional
connectivity in the
cingulate cortex.
Dynamic switching
between brain
networks predicts

creative ability.



Cutando, L.,
Puighermanal, E.,
Castell, L., et al.
(2022)

Mouse model

Dahl, M. J.,
Bachman, S. L.,
Dutt, S., et al.
(2023)

Older adults
(longitudinal)

Du, Q., Song, Z.,
Jiang, H., et al.
(2024)

Older adults

Eppinger, B.,
Heekeren, H. R., &
Li, S.-C. (2018)

Young vs. older

adults

Eppinger, B.,
Young and

Nystrom, L. E., &
Cohen, J. D. (2012)

older adults

Adult
. participants
Eskine, K. E. (2023)
(age
unspecified)
Espinosa, N.,
Schrire, Z. M.,
Older adults
McKinnon, A. C., et
al. (2025)

96

Genetic Cerebellar dopamine

manipulation and D2 receptors modulate

behavior social behavior.
Dopaminergic and
' noradrenergic
Multimodal ' o .
o integrity is associated
neuroimaging ‘ .
with memory in late
life.
Custom VR game
enhanced cognitive
VR exergame RCT
inhibition over long-
term use.
‘ Older adults show
fMRI during
) reduced ventral
intertemporal _ o
o striatal activation
decision

under conflict.

o ] Older adults are less
Decision-making

task with fMRI

sensitive to immediate
rewards.
Music listening
modulates
connectivity across
DMN, CEN, and SN

networks.

Resting-state EEG

Music-making
interventions affect
Systematic review neuroplasticity,
emotional, and

cognitive domains.



Faber, S., Belden,

A., Loui, P, &
Older adults
Mclntosh, A. R.
(2024)
Fareri, D. S.,
Young and
Hackett, K., Tepfer,
older adults
L.J., etal. (2022)
Fazio, P., et al. Young and
(2017) older adults
Ferrari, C.,
Ciricugno, A.,
Healthy adults
Arioli, M., &
Cattaneo, Z. (2023)
Ferreri, L., Mas-
Herrero, E., Zatorre, Healthy adults
R.J., etal. (2019)
Fischer, L., Molloy,
Older adults
E. N., Binette, A.
with APOE4
P., et al. (2025)
Goelman, G., Dan,
Young and

R., Bezdicek, O., et
al. (2024)

older adults

97

Changes in DMN

Music-based o
connectivity

intervention with ' .
following music

fMRI . . . .
listening training.
Older adults show
fMRI during social reduced striatal and

decision task DMN responses in

reciprocated trust.
Age-related decline in

S dopamine receptor

PET imaging
and PDE10A
availability.

Cerebellum plays a

TMS during social  distinct causal role in

cognitive tasks social cognitive task

processing.

‘ Dopamine enhances
Pharmacological

fMRI

reward response to
music.
Precuneus activation
is associated with
fMRI and PET amyloid burden
during memory
retrieval.
Older adults show
altered DMN-directed
Directed functional  connectivity patterns,

connectivity (fMRI) suggesting
reorganized brain

dynamics in aging.



Gong, G., He, Y.,
Concha, L., et al.
(2009)

Healthy adults

Grady, C. L.,
Hongwanishkul, D.,  Younger and
Keightley, M., et al.

(2012)

older adults

Green, L., Fry, A.  Children, young
F., & Myerson, J.

(1994)

adults, and

older adults

Green, L., Myerson,  Adults across
J., Lichtman, D., et

al. (1996)

age & income

levels

Hennessy, S.,

) Young to older
Janata, P., Ginsberg,

adults
T., etal. (2025)
Hewston, P.,
Kennedy, C. C.,
Older adults
Borhan, S., et al.

(2021)

Hird, E. J.,

Beierholm, U., De Younger and

Boer, L., et al. older adults
(2021)
Hoffman, A., etal.  Adults (age not
(2024) specified)

DTTI tractography

fMRI

Behavioral (delay

discounting)

Behavioral

economics

fMRI (music-

evoked nostalgia)

Systematic review
& meta-analysis

(dance)

PET & behavioral

measurecs

fMRI & behavioral

analysis

98

Revealed major
anatomical
connectivity patterns
in the cerebral cortex.
Older adults show
increased DMN
activity associated
with positivity bias.
Older adults discount
delayed rewards less
steeply than younger
participants.
Age and income both
influence temporal
discounting for
rewards.
Music-evoked
nostalgia activates
DMN and reward
networks across ages.
Dance interventions
improve global
cognition and
executive function in
aging.
Dopamine levels
predict reward-related
vigor differences
across age groups.
Revealed cerebellum—
midbrain reward

circuitry’s role in



Older adults

Hong, H., et al. Mixed-methods
with MCI in

(2025) ‘ intervention study
nursing homes

Jinemann, D., et al. Older adults Longitudinal fMRI

(2023) (piano-trained) study
Kalantari, L., et al. Mixed-method VR
Older adults o
(2022) feasibility study
Karalija, N., et al. Longitudinal PET
Older adults
(2024) imaging
Karalija, N., et al. Longitudinal PET &
Older adults
(2022) MRI study

Kawamichi, H., et

Healthy adults fMRI
al. (2016)

99

socio-affective

symptoms.

Social-art intervention
improved cognitive
and psychosocial
outcomes.
One-year piano
training increased
functional
connectivity in the
auditory stream.
Nature-based VR
improved mood and
cognitive
engagement.
Supported the
correlative triad:
aging, dopamine D>
receptor loss, and

memory decline.

Dopamine D: changes

were linked to

cerebrovascular health

in aging.
More frequent social
interaction increased
enjoyment and
activated reward

systems.



Kilford, E., et al. Adolescents to

(2024) adults
Adults with
King, J., et al.
Alzheimer’s
(2019) ‘
dementia
Korkki, M., et al.
Older adults
(2025)
Kostadinov, D., &
Animal study
Héusser, M. (2022)
Krause-Sorio, B., et
Older adults

al. (2025)

Kruithof, N, et al.
(2023)

Humans (meta-

analysis)

Behavioral &
neuroimaging

correlations

fMRI

fMRI & PET study

Review of
electrophysiological

experiments

Pilot fMRI study

ALE meta-analysis

100

Age-related
differences in social
reward processing
were linked with
social anxiety
symptoms.
Favored music
listening increased
functional
connectivity in
Alzheimer’s patients.
Caudate
dedifferentiation was
related to reduced D
receptor availability
and poorer memory.
Cerebellum encodes
reward signals, with
implications for
learning and

motivation.

Exposure to art,
nature, and meditation
activated reward and

DMN circuits.

Cerebellum is
consistently involved
in reward anticipation

and outcome

processing.



Larry, T., Smith, A.,
Jones, B., et al.

(2024)

Lee, H., & Kim, S.
(2022)

Lee, J., Park, M.,
Choi, Y., et al.
(2024)

Lee, K., Chen, L., &
Roberts, P. (2019)

Lesiuk, T.,
Reynolds, C., &
Patel, N. (2025)

Li, X., Zhang, Y.,
Wang, H., et al.
(2024)

Animal study

Older adults
with subjective
cognitive

decline

Older adults

Neurotypical

older adults

Older adults
with cerebral
small vessel

disease

101

Revealed integrated
' ' reward and movement
Electrophysiological o
) signaling in basal
recording _
ganglia and
cerebellum.
Described structural,
biochemical, and
Narrative review molecular brain

changes due to normal
aging.
Cognitive activity

participation

enhanced DMN

RCT with fMRI

connectivity.

Identified distinct
o brain regions involved
fMRI neuroimaging )
in normal versus

pathological aging.

Measured low-
frequency fluctuations
fMRI during music-evoked
autobiographical

memory recall.

Meso-cortical

athway damage
DTI & structural P Y 8

linked to cognitive,
MRI

motivational, and gait

changes.



Limb,C.J., &
Braun, A. R. (2008)

Liu, Y., Thompson,
R., & Garcia, M.
(2021)

Lockwood, P. L.,
Apps, M. A.]., &
Harrison, N. A.
(2021)

Luo, S., Nguyen, T.,
& Patel, R. (2025)

Nyberg, L., Lovdén,
M., Riklund, K.,
Lindenberger, U., &
Béckman, L. (2012)

Olds, J., & Milner,
P. (1954)

Young adult

jazz musicians

Older adults
with mild
cognitive

impairment

Younger and

older adults

Adults

Rats

fMRI

Systematic review

& meta-analysis

Behavioral with
computational

modeling

fMRI

Review

Experimental

(animal)

102

Spontaneous musical
improvisation is
associated with

DLPFC deactivation

and medial prefrontal

activation.

Dance interventions
improve cognition,
behavior, and quality
of life.

Older adults showed
increased prosocial
motivation and
willingness to exert

effort.

Different brain
networks are engaged
during aesthetic
experiences from
music versus visual

art.

Highlights brain
maintenance theory:
preserved brain
integrity underlies
individual differences
in cognitive aging.
Electrical stimulation
of certain brain areas

acts as a reward—



Opendak, M.,
Meyer, H.,
Callaghan, B. L.,
Abramson, L., John, —
S.R., Bath, K., ...
& Sullivan, R.
(2025)

Opitz, L., Wagner,
F., Rogenz, J.,
Healthy older
adults

Maas, J., Schmidt,
A., Brodoehl, S., &
Klingner, C. M.
(2022)

O’Shea, A., Cohen,
R. A., Porges, E. C.,
Nissim, N. R., &
Woods, A.J. (2016)

Park, D. C., &
Reuter-Lorenz, P. —

(2009)

Pereira-Pedro, A.
S., & Bruner, E.
(2016)

Adult humans

(review illustration)

103

foundational for brain

reward circuitry.

[lustrates
developmental
trajectories of

Experimental functional reward
circuits and
mechanisms in early-
life stress and
adaptive plasticity.
Reward-related brain
activity remains stable
in older age,
Experimental .
supporting
preservation of
motivation.
Hippocampal atrophy
in aging is linked to
cognitive decline;

Review underscores
importance of
neuroimaging
biomarkers.
Proposes STAC: the
aging brain adapts via
Theoretical review compensatory
scaffolding
mechanisms.
Describes sulcal

Experimental
morphology and

(morphological) o
precuneus variation;



Persson, J.,
Szalisznyo, K.,
Antoni, G., Wall,
A., Fillmar, D.,
Zora, H., & Bodén,
R. (2020)
Pezzoli, S., Giorgio,
J., Martersteck, A.,
Dobyns, L.,
Harrison, T. M., &
Jagust, W. J. (2024)

Pinho, A. L., Ullén,

F., Castelo-Branco,

M., Fransson, P., &
de Manzano, O.

(2015)

Pinho, A. L., de
Manzano, O.,
Fransson, P.,

Eriksson, H., &

Ullén, F. (2014)
Putkinen, V.,

Seppild, K., Harju,
H., Hirvonen, J.,
Karlsson, H. K., &
Nummenmaa, L.

(2025)

104

implications for
cognition and
evolution.
Lower PDEI10A is

linked to altered

Patients with Experimental (PET

+ fMRI)

striatal function;
schizophrenia combined PET-fMRI
offers multimodal
insight.
Thicker anterior

. cingulate and lower
Experimental

Older adults tau levels are

(neuroimaging)
associated with
successful aging.
Creative performance
relies on introspective

Experimental (DMN) and

(fMRI)

Musicians ‘
extrospective

networks; dual-
strategy model.
Improvisation

‘ expertise is associated
Experimental

(fMRI)

Musicians with stronger

premotor—prefrontal
connectivity.
Pleasurable music
activates p-opioid
Experimental (PET—
fMRI)

receptors,
Adults
highlighting music-
induced pleasure’s

neurochemical basis.



Quinci, M. A.,
Belden, A.,
Goutama, V., Gong,
D., Hanser, S.,

Older adults

Donovan, N. J., ...
& Loui, P. (2021)
Quinci, M. A,
Belden, A.,
Goutama, V., Gong,
Older adults
D., Hanser, S.,
Donovan, N. J., ...

& Loui, P. (2022)

Rademacher, L.,
Salama, A.,

Griinder, G., &

Young and

older adults
Spreckelmeyer, K.

N. (2014)

Raja, S., Barry, C.,
Upadhyay, R.,
Alash, R.,
O’Raghallaigh, M., —
Hayes, R., &
Romero-Ortuno, R.
(2025)

Ranjbar-Slamloo,
Aged vs. young

Y., Chong, H.R., &
Kamigaki, T. (2025)

mice

Experimental

(intervention)

Experimental

(longitudinal)

Experimental

(fMRI)

Narrative review

Experimental

(neuronal recording)

105

Music-based
intervention increased
auditory—reward
connectivity over

time.

Receptive music-
based intervention
enhanced connectivity
in auditory and
reward systems over
time.
Differential nucleus
accumbens activation
for monetary vs.
social rewards; older
adults show reduced
anticipation response.
Reviewed biomedical
literature on music
therapy in aging;
suggests potential for
emotional and
cognitive
enhancement.
Aging disrupts
network centrality and
functional properties
of PFC neurons
during memory-

guided tasks.



Read, D., & Read,
N. L. (2004)

Humans

(various ages)

Rebo, J.,
Mehdipour, M.,
Gathwala, R.,
Causey, K., Liu, Y.,
Conboy, M. J., &
Conboy, 1. M.
(2016)
Rehfeld, K., Miiller,
P., Aye, N.,
Schmicker, M.,
Dordevic, M.,

Mice

Healthy seniors
Kaufmann, J., ... &
Miiller, N. G.
(2017)

Ren, P., Luo, G.,
Huang, J., Tan, M.,
Wu, D., & Rong, H.

(2023)

Older adults

Reuter-Lorenz, P.
A., & Cappell, K. —
A. (2008)

106

Older adults discount

Experimental
‘ future rewards less
(behavioral
) steeply than younger
€conomics) o
participants.
Heterochronic blood
Experimental exchange rapidly
(biological alters tissue states; old
intervention) blood inhibits
regeneration.
Dance training
‘ improved
Experimental

. . hippocampal volume
(intervention, MRI)
and balance more than

fitness training.

Aging affects reward-
based decision-
Experimental making depending on
(fMRI) punishment
frequency; altered
processing patterns.
Compensation
hypothesis: older
Theoretical review adults reeruit
additional regions to
maintain

performance.



Rieger, M., & Mata,
R. (2015)

Ripollés, P., Belfi,
A. M., Kasdan, A.,
Vessel, E. A.,
Halpern, A. R.,
Rowland, J., ... &
Poeppel, D. (2025)
Rocha, G. S., Freire,
M. A., Britto, A.
M., Paiva, K. M.,
Oliveira, R. F.,
Fonseca,I. A., ... &
Cavalcanti, J. R.
(2023)
Roffman, J. L.,
Tanner, A. S.,
Eryilmaz, H.,

Rodriguez-
Thompson, A.,
Silverstein, N. J.,
Ho,N.F,, ... &
Catana, C. (2016)

Rolls, E. T. (2023)

Young and

older adults

Adults

Humans

Experimental

(behavioral study)

Experimental

(fMRI)

Review

(educational)

Experimental

(PET/fMRI)

Conceptual review

107

Age-related
differences in social
vs. nonsocial
decision-making;
older adults show
greater consistency.
Liked and disliked
music share
overlapping neural
networks; supports
valence-independent

reward coding.

Overview of basal
ganglia structure and
role in motor control;

for non-specialist

readers.

Dopamine D: receptor
signaling organizes
working memory

network dynamics.

Synthesizes neural
functions of OFC,
ACC, and amygdala

in motivation,



Schmidt, N.,
Menéndez-Granda,
M., Wyss, P., Orth,

M., Homn, S.,

Kliegel, M., &
Peter, J. (2024)

Schultz, W. (2010)

Schultz, W., Dayan,
P., & Montague, P.
R. (1997)

Seaman, K. L.,
Abiodun, S. J.,
Fenn, Z., &
Samanez-Larkin, G.

R. (2022)

Seaman, K. L.,

Gorlick, M. A.,

Vekaria, K. M.,
Hsu, M., Zald, D.

Younger and

older adults

Non-human

primates

Across
adulthood

(varied ages)

Younger and

older adults

108

emotion, and

decision-making.

Financial rewards
enhanced young

adults’ performance,

Experimental ' .
) while prosocial
(behavioral) .
rewards improved
older adults’
cognition.

Summarizes temporal
discounting and risk-
. . related encoding in
Theoretical review o
reward circuits;

highlights subjective

valuation.
Dopaminergic
_ neurons encode
Experimental o
) reward prediction
(neurophysiology)

errors; foundational
for reward learning.
Age differences in
temporal discounting
are domain-specific;
Meta-analysis
some contexts show
more future
orientation with age.
Older adults show

Experimental

(behavioral)

greater discounting in
health and social

domains, suggesting



H., & Samanez-

Larkin, G. R. (2016)

Sedikides, C.,
Leunissen, J., &
Wildschut, T.
(2022)

Sendhilnathan, N.,
Bostan, A. C.,
Strick, P. L., &

Goldberg, M. E.
(2024)

Seo, J. P., & Ryu,
H.J. (2023)

Seo, J. P., & Ryu,
H.J. (2022)

Shidei, Y.,
Matsuyoshi, D.,
Isato, A., Sugihara,
G., Takahashi, H.,
& Yamada, M.
(2025)

Shinada, T.,
Takahashi, M., Uno,

Macaque

monkeys

Human adults

Human adults

Older adults

Healthy older
adults

Narrative review

Experimental

(animal model)

Experimental (DTI

imaging)

Experimental (DTI

imaging)

Experimental (fMRI
+ structural MRI)

Experimental

(group intervention)

109

context-dependent

aging effects.

Music-evoked
nostalgia enhances
meaning in life, self-
esteem, and social

connectedness.

Identified cerebro-
cerebellar circuits
involved in

visuomotor learning.

Aging-related
degeneration of
dopamine tracts;
implications for

reward sensitivity and
cognitive decline.

Mesolimbic dopamine

tract integrity declines
with age, related to

motivational deficits.

Superiority illusion is
linked to greater
precuneus volume and
functional

connectivity.

Group music sessions

enhanced cognitive



A., Soga, K., &
Taki, Y. (2025)

Singh, P., Yadav, K.

S., Kumar, L., &
Gandhi, T. K.
(2025)

Slade, B., Williams,
B., Engelbrecht, R.,

& Ciorciari, J.

(2025)

Smith, D. V.,
Ludwig, R. M.,
Dennison, J. B.,

Reeck, C., & Fareri,

D. S. (2024)

Stern, Y. (2002)

Stern, Y., et al.
(2020)

Human adults

(age groups)

Younger and

older adults

110

and psychological

outcomes in seniors.

Resting-state

. connectivity metrics
Experimental (fMRI

_ ' classify brain age
+ ML classification)

groups, a potential

biomarker for aging.

Proposes neural
mechanisms for music
) ) therapy’s impact on
Narrative review ] ]
executive function
and Alzheimer’s

prevention.

Social reward
processing shows age-
Experimental (fMRI related differences in
dataset) neural activation
during decision-
making tasks.
Introduces the
concept of cognitive
Theoretical review reserve as a buffer
against age-related
decline.
Defines cognitive
reserve, brain reserve,
Conceptual
and brain
framework
maintenance; outlines

research priorities.



Vessel, E. A., Starr,
G. G., & Rubin, N.
(2012)

Vink, M.,
Kleerekooper, 1.,
van den
Wildenberg, W. P.,
& Kahn, R. S.
(2015)

Wang, J., Wang, D.,
Setrerrahmane, S.,
Martinez, J., & Xu,

H. M. (2023)

Widmer, M., Held,
J. P., Wittmann, F.,
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Intense aesthetic
experience activates
the DMN, suggesting
its role in personal
meaning and value.
Aging impacts
frontostriatal reward
processing; older
adults show reduced
striatal activation
during anticipation.
Peptide Acein
promotes dopamine
secretion and extends
lifespan via clec-126,
linking dopamine
with aging.
Describes the
ArmeoSenso-Reward
RCT protocol for
evaluating
motivational effects in

stroke rehabilitation.

Music induces whole-
brain network
flexibility and

cognitive shifts.
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Aging is linked with
reduced cognitive
flexibility and altered
lateralization;
highlights functional

network decline.

PDEI1O0A is localized
primarily in the
striatum; important
for neuropsychiatric
and motor function

studies.

Functional
connectivity profiles
are associated with
musical creative
achievement.
Precuneus structural
connectivity aligns
with network
integration,
supporting self-
referential processing.
Combined art-based
intervention enhanced
connectivity in DMN,
SN, and other
networks.



Yue, W., Chen, Y.,
& Ma, X. (2025)

Zajac-Lamparska,
L., Zabielska-
Mendyk, E., Zapata,
D, &
Augustynowicz, P.
(2024)

Zhai, B., Liu, X.,
Fu,J., Zhu, X., &
Li, J. (2024)

Zhang, J.,
Andreano, J. M.,
Dickerson, B. C.,
Touroutoglou, A.,

& Barrett, L. F.
(2020)

Zhang, S., & Li, C.

R. (2012)

Older adults

Young and

older adults

Oldest-old
adults

Superagers and
typical older
adults

Healthy adults

113

Different art-therapy
modalities show
Systematic review  varying effectiveness
& network meta- on cognition; creative
analysis art is most beneficial
for memory and
attention.
Older adults show
reduced lateralization
in theta/alpha during
Experimental (EEG)
working-memory
tasks, supporting the
HAROLD model.
Social activity is
linked to greater
Experimental cognitive gains over
(longitudinal study) ten years,
emphasizing social
engagement.
Stronger DMN and
salience-network
Experimental connectivity is
(fMRI) associated with
preserved memory in
superagers.
Precuneus
connectivity mapped
across networks,
Resting-state fMRI
confirming its central
role in the DMN and

cognitive integration.
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Amateur singers show

enhanced cognitive

Older amateur performance and
Zhang, X., & Behavioral +
singers and increased functional
Tremblay, P. (2023) resting-state fMRI
non-singers connectivity

compared to non-

singers.

Table 2. provides a comprehensive overview of the experimental studies analyzed
within the context of this thesis. While the overall methodological framework follows a
narrative and integrative review, this table was specifically developed to extract and
organize empirical data derived from experimental research that directly explores the
interaction between aging, the reward system, and various forms of aesthetic engagement
such as music, dance, visual arts, virtual reality, and multisensory interventions. Its
inclusion aims to increase methodological transparency and support the theoretical

framework by presenting concrete experimental evidence.

Table 2. consists of five columns: (1) Author(s) and Year, (2) Participants, (3)
Study Type, (4) Main Findings, and (5) Notes. It covers an extensive time span (1954—
2025) and includes a broad range of methodologies, including fMRI, PET, EEG, TMS,
optogenetics, pharmacological manipulations, behavioral paradigms, and randomized
controlled trials. Studies involving both human and animal participants were included to

highlight the translational relevance of neuroplastic and reward-related processes in
aging.

Inclusion criteria were based on conceptual alignment with the central themes of

the thesis, namely: dopaminergic system functioning, default mode network (DMN)
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connectivity, compensatory mechanisms in the aging brain, affective and motivational
shifts with age, and the influence of artistic and musical experiences on neural reward

circuitry.

This table fulfills several methodological purposes.

1t synthesizes complex experimental findings in a clear and structured format.

It facilitates cross-study comparison of age-related neural and cognitive

dynamics.

1t reinforces the theoretical basis of the thesis by providing empirical support for

claims regarding the effects of aesthetic interventions on aging brain function.

It supports the interdisciplinary approach taken in this thesis, drawing links

between neuroscience, aging psychology, and neuroaesthetics.

Ultimately, this table functions as a key integrative component, connecting
theoretical insights with empirical findings and deepening our understanding of how
aesthetic and creative experiences may promote cognitive and emotional resilience in

older adults through reward system modulation.
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Figure 1

Compensatory mechanisms in the aging brain reward system. This sagittal illustration
shows four key adaptations that support preserved dopamine-mediated reward and
emotional processing in older adults: (1) preserved engagement of the default mode
network (DMN); (2) increased sensorimotor integration via the sensorimotor cortex
(SMC); (3) motor-affective compensation through enhanced cerebellar (CB)
involvement; and (4) recruitment of alternative ventral tegmental area (VTA)—nucleus

accumbens (NAc) circuits to maintain dopaminergic function.

Note. DMN = default mode network; SMC = sensorimotor cortex; CB = cerebellum;

VTA = ventral tegmental area; NAc = nucleus accumbens.
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Figure 2

Lateral (sagittal) view of brain regions most affected by aging. Numbered callouts
indicate key nodes in the mesocorticolimbic and associated networks: (1) ventral
tegmental area (VTA), (2) nucleus accumbens (NAc), (3) prefrontal cortex (PFC), (4)
default mode network (DMN), and (5) sensorimotor cortex (SMC). Together, these
regions illustrate structural and functional alterations that underpin age-related

changes in reward processing and compensatory neural recruitment.

Note. VTA = ventral tegmental area; NAc = nucleus accumbens; PFC = prefrontal

cortex; DMN = default mode network; SMC = sensorimotor cortex.



